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I. IN^mODUCTIO® 
Since the discovery by Paul Ehrlloh in the flret decade 
of this century of the specific action of certain organic 
cospoimda of arsenic against protOEoal diseases, there Ims 
developed a continuously accelerating program of the applica­
tion of synthetic organic compounds to the treatment of 
disease* The great degree of success which has resulted from 
the use of the sulfanilamide group of ci^pounds as chesothera-
peutic agents has added even greater impetus to i>e8earch 
almg these lines* 
It has been the object of this investigatlan to prepare 
certain derivatives of the organic heterocyclic compound, 
phenothlazlne, in the hope that these derivatives would show 
favorable chemotherapeutic properties# The choice of pheno­
thlazlne for Investigaticm almg this line was prc»Bpted by 
three important considerations. The first of these is the 
relatively low cost of phenothlazlne as compared with many 
pharffiaeeutical intermediates. Secondly, phenothlazlne pos­
sesses a low toxicity to man and other higher forms of animal 
life and a high toxicity to lower forms of life, and It is 
entirely possible that this desirable order of toxicity wcmld 
carry over into derivatives of the parent compound. Third, 
phenothlazlne and a small nimber of Its derivatives have been 
tested and in some inetanoes have been fotmd to be aatiefac* 
torjr ehemotherapeutle agents. A more detailed diseussiim of 
the last two factors will follov in a later seotion, but the 
above faetors are sufficient to indicate the need for further 
investigation into the ohemotherapeutic properties of pheno-
thiasine derivatives* 
A given organic compound aaay show chemotherapeutic 
activity against a variety of pathological conditions, but in 
this Investigation chief interest has been centered on the 
activity of phenothiazine derivatives against the inalarial 
parasite as it appears in the avian blood streaa» fhis inter­
est in antimalarial activity steiss from a current nationwide 
Interest in the problem of finding adequate substitutes for 
quinine, since our largest sources of supply of this drug 
have been cut off by the war in the Faclfic, and sinoe our 
needs for it have risen greatly as a consequence of the war 
effort. 
II. HISTORICAL 
A# Chttraistry of Phenothiaslne mid Its Derivatives 
Phenothlazine was first prepared in 1885 lay the Geman 
eheoist An^st Bemthsen^ in his sueeessful attempt to prove 
the struetore of methylene blue. The straeture of phenothia-
zine as shown by Bemthsen is given below with the numbering 
systea in present use by Cheaical Abstracts. 
10 
5 
^e early work on plwnothiasine and Bomo of its derivatives 
and their oonneeticm with methylene blue and other oxidized 
derivatives has been adequately suiomarized by Meyer ai^ 
Jacobsm^ and will not be discussed here. 
The substitution reactions of phenothiazine have been 
c(Mpletely reviewed by Van Iss^^ and a brief suonary of these 
reacticms follows. Hitration of phenothiazine under mild 
conditions gave S-nitrophenothiazine-S-oxlde or 3,7-»dlnitro-
phenothiazine-5-oxlde^* Mitratlon of 10-aethylphenothlazine 
1» Berathsen, Ann.. 230^ 77 (1885). 
8. Meyer aii^ Jaeob8on« "Lehrbuch der organlschen Cheaie," 
Voi» 2, Part 3, Veit and Co., Leipzig, 1920, p. 1490. 
3. Van Iss, P. B*, Doetox^l Dissertation, Iowa State College 
(1936). 
likewise gave the corresponding 5-nitro- and 5,7-dinitro-lO-
methylphenothiazine-s-'oxide^. More highly nitrated products 
of phenothiaaine have been reported^, tout their structures 
have not been proved* Direct chlorination of phenothiaeine 
gave sstall yields of 3,7>dichlorophenothia2ine and a tetx«* 
chlorophenothiazine whose structure was not established * 
The Friedel and Crafts acylation of phenothlaEine with 
7 phthalic anhydride gave mono- and disubetitution . fhe posi­
tions of the entering phthaloyl groups were not determined. 
The mercuration of lO-methyl- and 10>ethylphenothiazine with 
mercuric acetate gave S-acetoxymercuri-lO-alkylphenothiazine 
in fair yields®, Froai the above reactions it is properly 
concluded that substitution into the phenothiazine nucleus 
involves pr©d<»ninat©ly the 3- and 5,7-position8 which are the 
ones para to the imino nitrogen at^. 
o 
fhe iMtalation of phenothiazine®^ and lO-ethylphenothia-
zine® with n«butyllithium was carried out in this laboratoi^ 
as a part of the general study of the B»talati<m of hetero­
cyclic compounds* The metalation of phenothiazine with two 
equivalents of n-butyllithium gave, subsequent to carbonation 
4, IDshlsmaim and Zybs, Ber.« 526. 150 (1919)^ 
5* Bamett and Smiles,TT Chem« Soc». 95, 1257 (1909); 
Kehrisana and Noasenko, feer*. 2^^ (1913}« 
6« tteger and Uofmeam, Ber., ^ 9, TS62 {X896}* 
7. Scholl and Seer, Ber^^ 44, 1241 j(1911). ^ 
8» Final. Gazg* chim. ital«. 6S, 175 (193S) /^C.A., 26, 4558 
{19S8j7, 
9. ISapublished studies by P. S. Van Ess# 
of the reaction mixture^ & good yield of a mosiocarboxypheno-
thiazine whose structure was not proved®. The laetalation of 
lO-ethyli^enothiaEine with caie equivalent of n-butyllithiiam 
followed by carbonstion gave a ssiall yield of a monooarboxy-
10*ethylphenothi«S5ine®. While the structure of this acid was 
not definitely proved, the possibility that it w«.s the 5-
carboxy«10-ethylpl»nothiazine was excluded by the synthesis 
of this latter ooKpound as shcHm in the series of reactions 
below, fhis synthesis started with the known 3-aeetoxy-
A 
»ercttri-10«-ethylphenotliiasine prepared by Pinsi , and pro­
ceeded through well-known reactions to the 3-acid* 
OgHg CgHg OgHg 
a;o alo oto h c^x 
O2H6 02% 
KI 5) HoO 
4) HCl 
Thus, in the metalation of lO-ethylphenothiasine, we find the 
first example of a substituticm reaction of the phenothiazine 
nucleus which does not involve the positions pa^t to the 
iffiino nitrogen at on* 
B# Chemotherapy of Phenothlaalne and Its Derivatives 
1* fo3£lolty studies 
Fhenothlazine has been foxind to possess a relatively lov 
toxieity to the higher forms of animal life# Eddy and co­
workers^® fed phenothlaaine to rats over a period of fr^ one 
hundred fifty to three hundred days in quantities varying 
fr<sa 0.025 per ©ent to 0.40 per cent of the diet# A retarda­
tion of growth was observed in the animals fed 0*30 per cent 
phenothiaglae and over* No other effects of the phenothiaslne 
were noticed. The oral administration over short periods of 
time of relatively large araoxmts of phenothiasine to white 
rats, rabbit8» and men caused only a slight anemia which dis­
appeared when the administration of the phenothlazlne was 
stopped^* The authors concluded from this study that the 
toxieity of phenothlazlne was low enough to present no possi­
ble danger when used orally in reasonable dosage as a thera­
peutic agent for the higher animals* 
12 Delds, Iddy, and Thomas studied the excretion of 
phenothiazlne in the urine following its oral administration 
to rata, rabbits, and men. These workers found that pheno­
thlazlne was present In the urine in cosabinatlmi as a water-
soluble complex, which could be broken up by the action of 
10» Iddy, Cox, and BeSds^ J. Ind. Hyg» Toxicol*. 19, 574 (1937). 
11. Thomas, MeHau^ t^ and DeiEds, IbldV. 20, 419 
12. Delds, Sddy, and Themes, £• PhamacoX** 64. 250 (1938). 
©old hydrochloric acid to yield free ph«nothia2iise« In addi­
tion th^v was also present the revereible oxidation-
reduction syatem thliKiol'-leueo thionol, the structures for 
which are ahoim below* 
This sy«teia was produced by the mild oxidaticm of phenothia-
3lne« The presence of this system gave a reddish-brown color 
to the urine, which changed to bright red in the presence of 
mild oxidissing agents which oxidiaed additional amounts of the 
colorless leuco thionol to the red thionol# The authors mde 
no statement as to ^ e relative amounts of phenothlaelne and 
oxidized derivatives of phenothiazine present in the urine, 
nor did they offer an explanation as to the manner of forma­
tion of the oxidised derivatives* 
Although phenothlazine is relatively innocuous to the 
hi^er animals, many studies indicate it possesses a high 
degree of toxicity to insects and other lower forms of animal 
life» Extensive study has been made to determine the possible 
efficacy of phenothiazlne as a mosquito larvlcide, and it has 
been shown to ccmpare favorably with well established 
1 
Leuco thionol 
{colorless) 
Thionol 
(red) 
. 8 • 
1.3 insecticidea auoh as rotenone and lead arsenate . 
The toxicity of the parent ccsnpound to mosquito larvae 
led Schaffer and co-work©r»^^ to investigate several deriva­
tives of phenothlazlne for possible activity in this field, 
fable I suBsnarizes the results of these workers* fhe data in 
the right-hand coluam give the percentage of Insects killed 
at the specified concentra tion in parts per million, fhe 
compounds are listed in order of decreasing activity. This 
study demonstrates the greater toxicity of phenothiazine to 
mosquito larvae as compared to certain derivatives particu­
larly of the type which are substituted on the nitrogen atoia. 
Phenothiazine has been shown to be superior to lead 
arsenate when tested on a laboratory scale as an insecticidal 
agent against the apple codling moth^®. 
13. Campbell, Sullivan, Smith, and Haller, J. Beon. Entomol., 
27, 1176 {1934); Smith, Munger, and Slegler, ibid.. 28, 
W7 (1935)1 Pink, Smith, Vivian, and Clabom, U.S. Dept. 
Agr.. Bur. Entomol. Plant Quarantine. £-424. "pp. 
^ r i ^ i 5 8 )  ;  f e i n g ,  J * .  tecbn. jintomol., *51,' '610 (1938). 
14. Schaffer, Haller, and Fink, J. Econ. Entomol., 50, 361 
(1937). 
15. Siegler, Munger, and Smith, i b i d • ,  2 9 ,  532 (1936). 
Table I 
Belative Efficacy of Phenothiazine Derivatives 
as Mosquito Larvicides 
Haae of CCMnpoimd Toxicity 
Phenothiasine 100% at 1 p»p,ia 
lO-Methylphenothia sine An at 2 p*p«ia 
lO-Ethylphenothiaaine at 5 p.p.K 
Amylamide of lO-oarboxyphenothiazine 90 at 10 P*P»1B 
Amide of 10»carboxyphenothiaEine 55% at 50 p*p.m 
lOoAcetylphenetMazine 94% at iOO p.p.m 
o«Chlorophenylamide of lO-carboxy-
~ pbenothiaziae 60^ at 100 p.p.® 
Acid chloride of lO-carboxyphenotbiazine 0^ at 100 p.p.a 
Phenylamide of lO-carboxyphenothiazine 0^ at 100 p*p»m 
Bithiocyaziophenothiazine 0^ at 100 p«p*ra 
Methylene blue 0^ at 100 p*p«m 
fhitaiiae 0% at 100 p.p.m 
2. Anthelmintic activity 
Phenothiasine has been accepted generally by the veterin­
ary profession as an anthelsiintio agent for poultz>y and 
cattle^®# Ita toxicity toward the common intestinal parasites 
16* Swanscm, Porter, and Conelly, 3, Am, Vet, Sed, Assoc*. 96, 
704 (1940)? Hay, ibid.. 96. 46^ {T§41). fSese papers con­
tain references to tiie veterinary medical literature# 
-10 
which infest these animals coupled with Its harmlessness to 
th© host animal makes it a satisfactory medicinal# Its use in 
sheep has been restricted scaaewhat owing to the presence of 
the red dye, thionol, in the urine of animals treated with 
phenothiazine which has been found to color the wool of these 
animals. 
Phenothiasine has also been found efficacious as an an-
thelisintie agent for treating human threadworms and rouadwoawns"^. 
fhe dosage was recommended as eight grama daily for at least 
five days for adults. No toxic effects were noticed* Pheno-
thlassine was demcxnstrated to be ineffective against hookworms 
and whipworms. 
3. Activity as a urinary antiseptic 
X8 
In 1958 Thcmas, DeEds, and Eddy observed that urine of 
rabbits and men who had undergcaae oral adiainistration of pheno-
thlazine showed a strong bactericidal action. It was further 
shown that this bactericidal action was proportional to the 
aaoTint of the red dye, thitmol, present in the urine, and was 
straager in urine which was slightly acidic or alkaline, than 
in neutral urine. Following up these observations, the 
authors treated experimental cystitis (a urinary tract infec­
tion) In rabbits by oral adroinistraticm of phenothiazine and 
17. Manson-Bahr, I^anoet, 239, 808 (1940). 
18. fhomas, DeEds, and Eddy, £. Fhaimacol., 64. 280 (1938). 
- 11 -
found that satisfactory curea were effected when the pB of 
the urine waa Itopt between 4»5 and 5.5 by the siBiuitaneoua 
administration of sodium acid phosphate or ammonium chloride. 
IQ 
A year later DeBds, Stockton, and Thc^aas published the 
clinical results of the treatment with phenothiasine of 
eighty patients who had urinary tract infections* In general 
this group represented a rather severe test for the efficacy 
of a new urinary antiseptic, since many were stubborn cases 
on wh(an standard treatment had been tried unsuccessfully* 
Approxinmtely fifty per cent of the patients were pennanently 
cured, toly eighteen per cent obtained no relief at all, 
while the rezuiinder received sc^ie relief of a temporary nature. 
7he recc»maended dosage was cne and one-half to two grams 
daily for a limited time and with the simultaneous administra­
tion of ammonium chloride. No undesirable side effects of the 
phenothiazine in the gastrointestinal tract, circulatory sys­
tem, liver, or kidneys were found* Patients receiving doses 
in excess of the amounts reccHsmended above showed a temporary 
anemia which corrected itself when the administration of the 
pt»»nothia2ine was stopped. The above results indicate the 
possible clinical value of phenothiazine as a urinary 
antiseptic. 
19. DeEds, Stockt^, and Thomas, J. PhaiTaacol.. 65, 353 
<1939)* 
- la -
4* Activity in experimental trlobinosla 
Sulfanilaailde, phenothiazine, and thionol have been 
tested ooaparatively on experimental trichinoaia in rats^®. 
The workers foiaid that the rather large dose of 0.96 graa per 
kilogram of body weight per day of sulfanilamide gave fifty-
five per cent reduction of parasites in the imsele tissue over 
a period of six weeks, while dosage with phenothiajsine in 
aaaounts me-tenth that large gave a seventy~f our per oent re-
duetion in a like periods Thionol gave practically no effect. 
Ho mention was made of the effect of larger doses of pheno-
thiaElne. The investigators felt that phenothiazine warranted 
further study along this line. 
5. Antimalarial activity 
Many organic compounds have been synthesized for possible 
use as prophylactic and therapeutic agents against human 
laalaria. The roost satisfaetoi?y compounds thus far developed 
are the quinoline derivatives plasmoquin and atabrine whose 
structures are shown below. 
00. MeHaught, Beard, and DeEds, Proc. Soc. Exptl. Biol. Med.t 
43,, 17 (1939). 
13 « 
CEgCH{CI^)3N(C2H5)2 
NH 
COO"^ 
Plaamoquln Atabrlne 
The first attempt to apply a phenothiazine derivative 
21 
as an aatimalarial agent was made by Guttioan and Ehrlich in 
1891, when they showed that methylene blue was an active 
chemotherapeutic agent against humn malaria. Couto^^ found 
through clinical studies that methylene blue could be substi­
tuted for quinine in the treatment of benign malaria; however, 
for pernicious malaria, it was found that both methylene blue 
^"00 
m 
I 
Ci^ CfiC )5N( Cgi% >2 
(GHg J gX^ M (CHg >2 
4* 
Methylene blue 
and quinine were necessary for effective cures. Poumeau and 
2S 
coworkers compared the efficacy of methylene blue and 
plasmoquin as antimalarial agents in infected canaries by a 
21. Guttraan and Ehrlich, Berlin, klin. Wochschr.* 28j 595 
<1891). 
22. Couto, Arch. Schiffs- u. Tropen-Hyg.. 30, 275 (1926). 
23. Pourneati, Trefouel, Bovet, and Benoit,~^n. inst. Pasteur, 
46, 520 (1931). 
- 14 
determination of the ehemotherapeutio index for each compound. 
The ahemothex^petttic indent ia defined as the ratio of the 
laaxiffiun tolerated dose of a given pharmaceutical to the loini* 
mum effective dose, fheae workers assigned a value of six as 
the chemotherapeutic index of methylene blue and a value of 
sixty for plasmoquin, indicating the greater usefulness of the 
latter compound* 
As a part of the extensive antimalarial research carried 
SA 
out at the I. G. parbenlndustrie, Schule®ann modified the 
stmcture of methylene blue by replacing an H-methyl group 
with alkylaminoalkyl groupings, £•£., the diethylaminoethyl 
group whose structiire is shown below, fhis compound was 
® (CH2)2N(C2H5)2 
reported as an active antimalarial, but no statement was mde 
26 
as to its relative activity . Another J. 0, Farbenindustrie 
patent^® covers S«-dimethylafflino-7»a«thyl^-piperldylethyl)-
az ' 
aralnophez^othioniua chloride* 
24. Oer, pat. 488,945 /C.A*. 24, 2242 (1930)7» 
25. Schulemami, Proc. RoyT Soc. Med«, 2§^ 692 (19S2). 
26. Cer. pat. ;^ A.71i,~2541 TTdSO]/. 
« 15 -
(CH2)2HC5Hio 
Holecml) and Baralltoa prepaz^d 3,7-dl-(6*<-iBethox7«2* 
methyl*4*-qulnolyl)-thlraalno as a posaible antimalarial. H© 
report of the pharmacologloal value, if any, of this cosipotmd 
has been laade* 
It will be noticed that all of the derivatives of phen©-
thiasine listed aa having been investigated as possible anti* 
Bfflilarial agents are of the oxidized or aethylen© blue type of 
derivatives* No imosddized derivatives of phenothiasine have 
ever previously been tested for possible antiffialartal activity. 
27. HoXoeeoib and Hamilton, J. Chem. Soc», 64, 1S09 (1942). 
li 
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III. Discussi<ai 
A« Mtttalation of Phenothlazlne and Certain 
of Ita Derivatives 
Metalatiim of phenothiaglne 
o 
Van Baa foti^ that refluxing an ethereal solution of a 
mixtare of two equivalents of n-butyllithium and one equiva­
lent of phenothiasine for seventeen hours followed by pouring 
the mixture on solid earbon dioxide gave a fifty*aix per cent 
yield of an impure acidic substanee whioh upon purifieati<m 
o 
melted at 264 vith deocnaposition. The yield of pure siaterial 
was not statedjt A nitrogen analysis and a neutralizaticm 
equivalent carried out on the pure j^terial indicated it vas 
a monocarboxyphenothiasine* This indicated that phenothiasine 
had been aoncaaetalated by n-butyllithiua* The following 
equation shows the reaction* The assumption is si^ide that the 
lithiim at<»ti entered the molecule at the position erthe to the 
nitrogen atora. 
10 
H Li H 
8 ' 1 i LI 1) COg _ i OOOH 
^ g) HgO ^
S) HCl 
6 5 4  
In this Investigation the metalation of phenothiasine 
/ 
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was o&rriedl out essentially according to the proeedure of 
Van Ess", with the exeeptlm that at least three sioles of n~ 
butyllithliss to one mole of phenothiazine were' used for the 
metalation* The crude acidio material obtained subsequent to 
carbonation was purified through its sodiiaa salt to give a 
fifty-two per cent yield of the pure monocarboxyphenothiazine 
melting at There was no evidence of dimetalaticai. 
fhe mamooarboxyphenothiazine obtained by metalation was 
shown by the following series of reactions to be l-phenothia-
zine^carboxylie acid, whose structure is shown below* Treat-
B»nt of the aetalaticm acid of phenothiazine with dimethyl 
H 
_ 1 COOfi 
a.o 
sulfate in alkaline solution gave the methyl ester of the acid. 
This ester was ctmdensed with iodobenzene in the presence of 
copper bronze and potassium carbonate to give l-carbomethoxy-
10«phenylphenothiazine, which uptm saponification by aqueous 
potassiK® hydroxide ^ve the corresponding free acid» The 
action of phosphorus pentachloride followed by anhydrous 
stannic chloride on 1-carboxy-lO-phenylphenothiazine closed 
the ring between the position ortho to the nitrogen atCHi in 
the phenothiazine nucleus and the ortho position on the 10* 
pi^nyl group giving 9-quin o (3,2,l-kl)phenothiazinone. These 
transfomations are shown below. 
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B 
' COOH 
ao RaOE 
Ql,. 
a"6 .  SnCl 4 
g COOGH3 
ao 
w 
KgCOg 
Cu 
Q 
a'o 
COGl 
PCI, 
Q 
a:© 
I 
0 
a'o 
COOCH, 
KOH 
COOB 
The 9-qulno(3,2,l*kl)phenothl&Eincai® synthesized by the 
above procedure was also prepared from X0-{2*<»carboxy)phenyl-
phenothiazlne by ring closure with phosphorus pentaohloride 
and staanie chloride. The 10-(2'«-earboxy)phenylphenothiazine 
was prepaz^d by the oondensation of phenothiazine and methyl 
o-lodobenzoate, followed by saponification with aqueous 
alkali of the 10-(2»-oarbomethoxy)phenylphenothiazine which 
was produced by the condensation. 
® CP COOCE3 COOH 
Cu 
0 
a:o 
0 
a'o 
COOH 
PCli 
Q 
a"o 
COCl 
SnCl> 
Q-0-' 
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Ttoe Identity of the two ketones produced by the two 
different methods illustrated above was shown by the identity 
of their melting points and ailxed melting point. This proved 
that the acid produced by the carbonation of the aetalation 
product of phenothiazine was 1-earboxyphenothiazine and that 
phenothiaaine was metalated by n-butyllithium in the position 
ortho to the heterocyclic nitrogen atom. 
That phenothiasine should toetalate in the position ortho 
to the nitrogen atom is rather surprising* As pointed out in 
the preceding sectioaa, all previously known substitution re­
actions of phenothiazine Involve the position pai^ to the ni­
trogen atoffli, with the ejEception of the laetalation of lO-ethyl-
phenothiazine with n-tftityllithlum, which occurs at another 
unknown position®• (to the other hand, however, metalation 
with n-butyllithium of organic confounds containing one hetero 
atom generally involves the position ortho to the hetero at^. 
The exceptitms to this rule which have been discovered thus 
far are the metalations with n-butyllithiua of methyl phenyl 
OA 29 
sulfide $ and triphenylamine , and the closely related tri-
phenylarsine and trlpheaaylphosphine • Since phenothiazine 
contains two hetero elements, there are two possible positions 
32 in which ortho metalation might occur. Stuckwisch has shovm 
28. Gilffian and Webb, J. A»* Ghea, Soc.. 6|, 987 (1940). 
29. Oilman and Brown.'^ i b i l . { 1 9 4 0 ) .  
50. Qilmua and Stuckwisch, ibl^ ., 6S, 3S3S (1941). 
31. Brown, G. E., Doctoral MsseirtaFion, Iowa State College 
{1941). 
32. Unpublished studies by G. G. Stuckwisch. 
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that in a reaetion In which molar equivalents of M-ethylcar-
bazole and dlbenmothlopheno are treated with a molar equiva­
lent of n-butylllthim, the dlbdnsothiophene is i^talated 
exclusively* This indicates that the sulfur linkage offers a 
more active ortho position to raetalatlon by n-butyllithiu» 
than does the nitrogen linage, and according to this the 
metalatlon of phenothiaeine should involve the position ortho 
to sulfur* As already stated, the loetalation actually occurs 
in the 1-positlon {ortho to nitrogen) in contradiction to the 
generalissation given above} however, as will be pointed out 
later, the fisetalaticm of 10~ethylphenothiazine and 10~phenyl* 
phenothiaslne probably Involves the position ortho to the 
sulfur atom which c(mforraa with this prediction. 
2* MetalatloQ oi 10»phenylphenothlazlne 
The metalation of lO-phenylphenothiazlne with n-butyl^ 
llthiua in ether solution followed by carbonatlon gave a nine 
and one-half per cent yield of a monocarboxy-10»phenylpheno-
thiazine* By analogy to d-phenylcarbazole which has been 
35 
shown to metalate on the N-phenyl group in the ortho position , 
it was suspected that lO-phenylphenothiazlne would metalate 
in the same position* This was shown not to be the case for 
the 10-(2*-carbo*y)phenylphenothlas5ine previously syathesiz«M3 
was not identical with the acid obtained from the metalaticm 
S3* Oilman, Stuckwisch, and Kendall, J. Chem* Soc»» 65, 
1758 (1941). 
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of lO-phenylphonothlazino. Purthei%or®, the posaibillty of 
metalation on tli® H-phenyl group in any position was excluded 
toy the synthesis of the isomeric meta and pai:^ carboxy aeids 
and a comparison of their properties with those of the metala­
tion aoid* The 1-position in the phenothiazine nucleus was 
excluded toy comparison of the metalation acid with the previ­
ously synthesized l-carboxy-lO-phenylphenothiazine. 
By the action of concentrated hydrlodic acid on the meta­
lation acid of 10~phenylphenothlazine, S-carboxytriphenylamlne 
was forsBiod in small yield, indicating that In the starting 
material the oarboxyl group was in a position meta to the 
nitrogen atcaa. Since the meta position on the H-phenyl group 
bad been previously excluded by synthesis of 10-{3'-carboxy)-
phenylphenothiazlne, the metalation acid must have its car-
boxyl group in the 2- or 4-pGsition in the phenothiazine 
nucleus, for in either case could 3-carboxytriphenylamlne b© 
fomed by degradation with hydriodic acid. 
1) n-BuLi 
2) 
COOH 
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It was not definitely proved whether 10-phenylphenothla-
2ine sietal&ted in the 2-position or in the 4>po8iti(m, but in 
view oS the great tendency toward aetalaticaa in the poelti<aa 
ortho to a hetero atcaa, it would seem that metalation in the 
4'-positlon was more likely* In either case the metalaticm of 
this e<»tpoimd is in agreei^nt with the "anoaialous" laeta 
metalation of triphenylamine^®. 
3, Metalation of 10~ethylpheaothiazine 
Van Esa^ aetalated lO-ethylphenothiazlne with n-butyl-
lithiua and subsequent to oarbonation obtained a six per cent 
yield of a monocarboxy-lO-ethylphenothiazine. The possibility 
that metalation ooourred in the S-positiosi was exoluded by 
Van Ess when he syntheslsed 3<-oarboxy>10~ethylphenothiazine 
and fouad it to be dissimilar from the metalaticm aeid. 
A saaiple of the metalation acid from 10«ethylphenothiaeine 
prepared by Van Ess was treated with hot concentrated hydrl-
odic aeid« fhis treatment gave a sBiall yield of an acid 
which was shown to be S-carboxydiphenylaaine by comparison 
with a sample prepared by hydrolysis of the reaction product 
of iuethyl ra»iodobenzoate and aniline* These transformations 
are shorn by the following diagi^am. This indicates that 
lO-ethylphenothiasine, similarly to lO-phenylphenothiazlne, 
^talates in either the 2- or the 4-po8ition, and in view of 
the tendency toward ortho metalation by n-butyllithium, the 
4>positlon is the more likely position of metalaticm. 
- 2S -
CgHg 02% CgHg 
' 1) n-BuLi ' ' 
o,"o 
4) HCl ^ COOH 
k^COOCfig^ 2) KOfi ^ V-/®"'^^ 
fhe results given above on the metalation of phenothia-
zine, 10»ethyXpfaenothiazine« and lO-phenylphenothiazlne indi­
cate that the Introduction on the nitrogen atom in the pheno-
thiazine nuoXeus of a group as large as the ethyl or phenyl 
groups causes a shift in the position of metalation frcaa the 
ortho to one of the two possible meta positions. It would be 
Interesting to observe the position of metalation of 10-methyl-
phenothiazine which might allow the entering lithitm ate® to 
occupy the ertho position as in the oase with the unsubstituted 
parent c<MBpound. fhe idea of the "steric hindrance" factor 
accounting for the position taken by the lithium atom In the 
Metalation of these phenothiazine derivatives probably repre­
sents an over-siiapllflcation of the actual factors operating 
to produce these results; however, it offers an opportunity 
to cori^late otherwise unrelated facts# The above idea la 
»ore fully developed in a forthe(»iing publication by Gll^wa 
24 • 
and Spate in which the metalation of several more organic 
compounds Is shown to occur In accor(3ance with steric factors. 
Synthesis of Possible Antiaialarlal C<»npounds 
While many of the phenothiazine derivatives which were 
synthesized in the work on the metalation reactions were 
tested for possihle antijaalarlal activity, several series of 
derivatives were prepared whose structure contained groups 
which are known to intensify or impart antimalarial activity, 
and consequently these compounds were considered to show a 
greater probability of possessing antimalarial activity. 
Typical of the latter group of compounds was a series of 
lO-phenylphenothiaaine derivatives which ccmtalned the 
y-diethylaiainopropylamlno group attached to the 10-phenyl 
radical# These compounds were synthesized by the following 
series of reactions» fhe preparaticaa of 10-C2<-/-.diethyl-
aminopropylamino-4'-fflethoxy)phenylphenothiazine serves as an 
lllustratlcai: 
" 25 — 
OCEg 
H 
Cu 
SnClg 
HH(CH2)5N(CgH5>2 
OCHg OCHg 
sJ»B2 
(C2H5)2N(GHg)sCl.HCl 
All of the derivatives of phenothlasiine synthesized 
during the covu?8e of this investigation, which were considered 
to have any possible value as antimalarial agents were sent 
to the Parlce^Itovis Ccrapany of Detroit, Michigan, who relayed 
them to cooperating laboratories for pharmacological testing 
under the auspices of the United States Govemaaent* The tests 
were carried out on very young chicks and were desired to 
show if a ocia^poand possessed prophylactic (preventive) or 
therapeutic (ouMitive) value when fed to the chicks# In the 
case of the tests for prophylactic value, the drug was fed to 
the chicks which were afterwards infected with the parasites* 
The Mtte of increase of the parasites in the chick bloodstream 
was then observed. In the case of the therapeutic tests the 
chicks were first infected with the parasites and then fed 
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the drug to determine its effect on the parasites already in 
the bloodstz^affi. The most ccmaonly used parasite for these 
teata w&s Plaaant^iuia loptoarae» The compound to be tested was 
mixed with the chick raash so that the amount of the drug con-
s\amed per day was frcaa six-tenths to one gram per kilogram of 
body weight. If this dosage was above the toxic level for the 
drug, it was reduced to a point below this level. If doubtful 
activity was encountered at this dosage, the amount of drug 
was increased* 
In fable II are given the results of the pharmacological 
tests on the derivatives of lO-phenylphenothiazine which con­
tained the basic side chain. It is noticed that these coa-
potmds showed no antiiaalarial activity with the exception of 
the 10*"(4 * -/-dlethylaminopropylamino)phenylphenothiazine, 
which showed a doubtful (*) activity at a daily dosage of 
twelve and one-half milligraias. 
Table II 
Resiilts of Plaamaeological Testa m l>®rivative« of lO-Phenylphenothiazlnft 
Name and Struotux>&I Formula 
of Compound 
No» of Teat 
Animals 
Type of Daily Dose 
Test In Igs• 
Result 
Q NH(CBg)3H{C8H5)2 
a'o 
10*( 2' «y»Die thylamlnopropylaanlno) -
phenylphenothiaKlne 
V NH(C%)3N(C2H6)2 
a:o 
Thera­
peutic 
25 
10-(2 • «/-Dl e thylaailnopyopylaiaino-4 
methyl)phenylphenothiasine 
»i. 
m{CZ2)s^iC2MQ)2 
Q 
a:o 
10-4 * -y-Diethylamlnopropylamlno) < 
phenylphenothlaslne 
4 
4 
3 
Thera­
peutic 
Prophy­
lactic 
Prophy­
lactic 
Thera­
peutic 
25 
50 
12 .5 
9 
Toxic 
i 
0 
Table II (Continued) 
Nam® and Structural Formula 80. of Test Type of Dally Dose Result 
of Ccxspound Animals Test in Mgs. 
OCH, 
Q HH(0I%)jH(02l%)8 
a:o 
10-{ 2' <«. /•Diethylanjlnopropylamlno-' 
4' HQethoxy )pb«nylphenothia2ine 
CI 
Q 
ao  
10^( 2»- /•DlethylaiBinopropyiaiHino-4 • 
ohlorophenylphenothiazine 
Thera­
peutic 
32 0 
1 
5 
Prophy­
lactic 
Thera­
peutic 
50 
56 
0 
0 
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A series of phenothiasine derivatives was prepared 
which contained a basic alkylaminoalkyl group attached to 
the nitrogen atom of the phenothiazine nucieiis. These c<as-» 
pounds were prepared by the following series of reactions in 
which the preparation of lO-f-diethylaBiinopropylphenothiaBine 
serves as an example, Two derivatives of this type were 
prepared which ccmtained a methoxyl group in the 3-position. 
H 
I 
{C]^),C1 
1) n-BuLi ' 
g) p-CH3C6H4S03(CBg)aCl 
(CHgjjOl 
a:o 0:0 
These eoripounds were prepared by the same series of reactions 
as shown above starting with S-methoxyphenothiazine which was 
prepared from i-methoxydiphenylamine by ring closure with 
sulfur* 
In Table III are shown the phanaaoological results on the 
antimalarial activity of the lO-alkylaminoalkyl derivatives 
of phenothiaziae. Hiae of these derivatives showed any 
activity. 
Tatolo III 
ReauXts of Pharmacological T«sts on lO-Alkylaminoalkyl Derivatives of Pbenothlazine 
Naste and Structuaral Wormala. 
of Ccnupound 
Ho« of Test 
Animals 
Type of Daily Dose Result 
Teat in Mgs. 
<OHg)BH(Csa,)g 
a o  
10<^ ^Di Ha-propylaBiinoethylpbenothiazine 
a o  
lO-f-Piperidinopropylphenothiazlne 
(C^)3N{GH2«CHa5CB2)2 
a .o  
XO-V-DiallylaaiinopropylphenothiaaElne 
(CH2)3N(CgH5)2 
a:o 
lO-V-Dlethylaiainopropylphenothiaaine 
2 
6 
Thera­
peutic 
Prophy­
lactic 
Thera­
peutic 
Thera­
peutic 
Thera­
peutic 
11 
SO 
20 
20 
20 
Tfttole III (Continued) 
ipaw8MgaaiaMMB»Miiitiiifiiiviw'iBiiii>a^Viiiiiifiiifiiiri',iiiL^ ririiisap 
Heme and Structural Fomula M@« of Test 
of compound AnlmaXfi 
a:o 
10- /"Dl -a^pro^tylaffldaopropylphenothiasRlne 
{CHg)3H(CgH7)g 
OgXD OOHs 
lO-y-Dl-n-propylaalnopropyl-S-inetlioxy-
"" phenothiazlne 
(CH2)5H{C2H5)2 
CjD 
10- e thylamlnopropy 1 -5-metho*y-
phenothlasine 
3 
Type of Daily Dose Result 
Test In MgB. 
Thera- 20 0 
peutio 
Thepa- 40 0 
peutio 
Thera- 40 0 
peutio 
fabl® III (Continued) 
Name and Stzniotural Pomula 
of Coraipouad 
Ho. of Test Type of Daily Doae 
Aniaials Test In Mgs. Result 
(OHjjjglKCgHgjg 
aio 
•BiethylaminoetliyXphenotbiaxlne 
(C%)2HC4%0 
aio 
10«^*Xorpholinoethylphenothlazlne 
5 
5 
Thera-
peutlo 
Thera-
peutie 
Thera-
peutlo 
50 
IS 
19 
0 
0 
(OBajgMH/") 
o 
OCB. 
a:o 
6' -Methoxy»8* -quinolyl )amlno-
ethylphenothlasine 
2 Thera­
peutic 
80 
35 
In Table XV are gi^en the phanaacologlcal results on the 
testing of sQBie miseellaneous derivatives of phenothiazine. 
Most of these derivatives were prepared either during the 
course of the investigation on the aetalation of phenothia-
sine or as intermediates in the synthesis g£ the derivatives 
containing groups likely to iapart or increase antiaalarial 
activity. This group of compounds was also without aati-
isalarial activity* 
Table IV 
Rasult® of Phanaaeological fosts on Miscellaneous Derivatives of Phenothiazin© 
Haae and Structural Formula 
of Ccmipound 
Ho. of Test 
Animals 
Type of 
Test 
Dally Dose 
in Mgs* 
Result 
B 
a:o 
Phenothiaeine 
Thera­
peutic 
8-10 
COOE 
0 
a;o S 5 Thera- 35 
peutio 
10«>(4' *Carboxy)phenylphenothiazine 
H 
I 
ao CHg 3 Thera- 40-50 
peutic 
3-Methylphenothia2ine 
Tatol# IV (Continue^l) 
Name and Structural Formula Ho» of Test Type of Daily Dose Beault 
of Compound Anlsaala Test in Mgs* 
H 
I COOE 
N. a;o 
l-Cartooxyphenothiazine 
0 
ClgO HOs 
II 
0 
3»Nitro*-10«phenylph®nothlazine-5« 
oxide 
CH, 
a:o 
10-Methylphenothiazine 
(CH2)2C1 
aio 
10-(5-Chloroethylphenothiazine 
Thera­
peutic 
30 
Thera­
peutic 
80 
Thera­
peutic 
50 0 
Thera­
peutic 
45 
Table IV (Gcaatinued) 
Hame and Structural Foiraiula 
of Cozupouiidi 
Ho. of Test 
Anlioale 
Type of 
Test 
Dally Dose 
in Mgs.. 
Result 
0 
a:o 
lO^Phenylphenothlazine 
5 Thera­
peutic 
22 0 
CBg-CH»CH2 
a:D 
XO»AlIylphenothia«ine 
5 Thera­
peutic 
36 0 
(CI%)@CH3 
alo 
XO^Deoylphenothlaslne 
5 Thera­
peutic 
23 0 
(CH2)„CHj 
alo 6 Thera­
peutic 
83 0 
XO-OctadeeylphenothlaKlne 
57 -
The lethal dose on several of the ccaai^ouiids in Table IV 
was detemlBed with eaziaries and shows an interesting corx*e> 
lation* The data in Table V list the eoiopcmnds and the 
aaount of these ocxnpounds fed over a period of one day neces­
sary to cause the death of the test aniiaal. 
Table V 
Determination of Toxicity of Four 
Derivatives of Phenothiasine 
Kaiae of Cosipound Lethal Dose in 
Milligrams 
Fhenothiasine 20 
S»llet^ylphenothiazine 50 
lO^Phenylphenothiazine >50 
10-Phenyl*S<-nitrophenothiasine~5-oxide 100 
It is noted frcaa these data that the latter two cera-
pounds show a smaller toxicity than the first two and that 
the latter o<sipounds are substituted in the 10-position cm 
the nitrogen atcm while the others are unsubstituted here* 
These facts are in agreement with an observation referred to 
earlier {p« 8) that the lO-substituted derivatives of pheno-
thiai&ine are leas toxic to mosquito larvae than is the parent 
substanee itself^^« Thus it is probable that this generaliBB-
ticm can be applied to anioals higher in the classification 
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ae&le than inseeta* 
In general the results of the pharsttioologieal testa for 
antimalarial activity were quite disappointing# The early 
work on a^e of the oxidized derivatives of phenothiaaine 
(p» 15-15) showed that these types possessed activity, and 
this account it was considered likely that the phenothiazii^ 
nucleus would be a profitable point of departure for the 
preparatioB of antiiaalarial ccsnpounds. 
In spite of the ne^tive results shown by the cc^pounds 
prepared in this investigation, there is much room for addi­
tional work on the preparation and testing of phenothiaaine 
derivatives as antimalarial agents. Special emphasis should 
be placed on the preparaticoi of compounds containing three 
functional groups, one of which is a basic side chain and the 
others of which are either methyl, methoxyl, chloro, or di­
me thylamino groups. A cc»Bpound of considerable interest 
would be one pattezned after atabrine (see structure on p. 12) 
having the following structure. 
(0%)sH(CaB6)e 
Cl 
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IV« EXPERIMEKTAI. 
Prepayatica^ of Phenothlaglaa. All phenotMazine used in 
this Invastig&ticMQ was prepai^d in genaral accordance with 
tl» procedure of Knoevenagel®^, in which diphenylaralne and 
sulfur are heated together in the presence of iodine as a 
catalyst* When Eastman Kodak Company '*o,p.'' diphenylfunine 
was used, the product of the reaction, which was obtained in 
a quantitative yield, melted within <m« degree of pure pheno<> 
thiamine} this mterial was used without further purification. 
Metalatlon of Phenothiaglne> The metalation of pheno-
Q 
thiamine by n-butylllthluffi was first carried out by Van Ess ; 
however, his method of metalation was considerably modified 
in this investigation* 
To 800 5«1» of an ethereal solution of n-butyllithiua, 
prepared fro® 104 g* (0*76 mole} of n»butyl bromide and 20 g. 
(2*9 g. ftt<^} of lithiim metal, was added slowly with stir­
ring 40 g» (0*20 mole) of phenothiazine. The mixture was 
stirred at rooisi temperature under an atmosphere of dry nitro­
gen for twenty hours, and then allowed to stand an additional 
fifteen hours before pouring jetwis© on a slurry of ether and 
S4» Knoevenagel, £• prakt. Ghem., 89, 1 (1913). 
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excess eruehed solid earbon dioxi(3e« The laixtur® was allowed 
to stand until all solid earbon dioxide had disappeared, and 
was then hydrolyzod by the addition of excess water. The 
aqueous layer was separated, and the ether extracts were 
acidified to precipitate 52 g» of crude metalatlcaa acid* This 
solid was dissolved in a minimal amount of 10^ sodium hydrox­
ide solution, and then 40^ sodium hydroxide was added until 
precipitation of the sodium salt was c<Mnplete» This sodlm 
salt was filtered off, dissolved in water, and the solution 
acidified with hydrochloric acid to precipitate 25 g. (52^) of 
pure I'-carboxyphenothiaalne which melted at 264-264.5°. 
Preparation of l^Carbcaaethoxirphenothiaglne. 1-CarbCfflaeth-
9 
oxyphenothiazlne, first prepared by Van Ess , was fomed by 
the action of dimethyl sulfate in alkaline solution on 
l»carboxyphenothlazlne« The product melted at 115-113.5*^ and 
was obtained in 32^ yield. 
Preparati<aa of l-Carbomethoxy«'10-'phenylphenothlazine. 
Pour g. (0.016 mole) of l-carboraethoxyphenothiazine, 100 g. 
of iodobeasene, 20 g. of finely ground anhydrous potassium 
carbonate, and 2»5 g. of copper bronze were stirred and re-
fluxed for twelve hours. The mixture was filtered hot, and 
the filtrate was steam distilled to remove unreacted lodo-
beneene* The residue fp(m. steam dlstillatlcm. was reerystal-
11zed twice frcai petroleum ether (b.p. 80-110®) to give 3.2 g. 
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(60) of l-Garboiiethoxy-lO-phenylphenothiaKine melting at 
123.5»124-5®# The compound waa a white powder. 
Anal. Calcd. for  Cgo^gOgNS: K, 4.20. Foundt N, 4.40» 
Preparation of l~Carboxy«-10-'Phenylphenothiazine. The 
eaponifleation of 2.5 g. {0.0075 mole) of l-carbc»nethoxy-10-
phenylphenothiazine was effected by refluxing with excess 20^ 
potasaitffli hydroxide for three hours. The resulting soluticm 
was diluted with water, filtered, and the filtrate acidified 
with hydrooblorio acid to give 1»8 g* (75^) of acid melting 
at 210-211®. 
Anal. Caled. for C;]L9H3^302KS: H, 4*38; neut. equiv., S19. 
Pounds N, 4»19j neut. equiv., 324 and 326. 
Preparation of Qo-QuinoC3,2,1-kl )phenothlazinone. To a 
auspension of 1.5 g. (0.0047 mole) of l-carboxy-lO-phenyl-
phenothiazine in 60 ml. of dry xylene was added 1.4 g. (0.0067 
mole) of phosphorus pentachloride, and the mixture was stirred 
at rocMM teji^eratua:^ for ten minutes to give a clear yellw-
brown solution. The solution was cooled in an ice bath, and a 
solution of 6.25 g. (0.024 mole) of anhydrous stannic chloride 
in 20 al» xylene was added dropwise to the stirred solution 
over a period of ten minutes, fhe stirring was continued for 
forty-five minutes after the addition had been ccwapleted, 
1?he dark red mixture waa hydrolyzed by the dropwise addition 
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of S5 al* of cold ooiic«ntr&ted hydrochloric aeid followed by 
SO ml. of water* The yellow acyle&e layer wae separated, 
washed with dilute sodium carbcmate solution to remove acid, 
and evaporated to dryness to yield a yellow solid. This 
/ 
solid was recrystallised fr^ a mixture of benzene-petroleiaa 
ether (to.p. SO-llO®) to give 1»2 g, (SSjC) of bright yellow-
green minute crystals. The ketone melted at 218-219®. 
Anal. Caled* for H, 4*64} mol. wt., 301» 
Potmdi K, 4«5&; aol. wt. (benssene, cryoscopio), 300. 
Preparation of lO-(2*-Carbmaethoaor)phenylphenothiaglne. 
A mixture of 13»2 g« (0*05 mole) of methyl j^iodobenzoate, 
10 g. {0.05 aiole) of phenothiazine, 6 ml. of nitrobenzene, 
7.5 g. of potassium oarbcmate, 65 ml. of xylene, and 0.2 g* of 
copper bronze was stirred and refluxed for fourteen houM. 
The mixture was filtered hot and washed with boiling xylene. 
Upon cooling green crystals were precipitated fr<m the xylene 
solutiCMa. Recrystalliaation frcm xylene gave 7.0 g. of light 
gz^en prisms melting at 143*144^. The yield was 42^, 
r Anal. Calcd. for CgQHj^gOgHSs H, 4.20. Pound: N, 4.32. 
Freparation of 10-(2 * -C-srhoxy) phenylphenothiaglne. A 
suspension of 6.5 g. (0»020 mole) of 10-C2'-carbomethoxy)-
phenylphenothiazine in 125 ml* of 15^ aqueous potassii^ 
hydroxide was refluxed for five hours. The resulting soluti^xi 
was diluted with water and acidified with hydrochloric acid 
4S • 
to give a quantitative yield of aei^ie product melting at 
209-210®# One recrystallieatim from glacial acetic acid 
gave red-yellow plates laielting at 214-215®. 
Anal* Calod#. for Cj^gHj^gOgHS: H, 4.38; neut. equiv,, 
319*^ Found I 4«.60; neut* equiv., 320 and 313. 
Rinf^ Oloaua^ of 10-(2' -Carboa?) phenylphenothi a glae to 
t-^ino( 5agJ 1-kl)pfaenothiaginooe. Oae and five-tenths g» 
(0.0047 aole) of 10-{2*-Qarboxy}phenylph6nothiazlne was treated 
vith phosphorus pentachloride and anhydrous stannic chloride 
in xyl«ae as in the previously described (g. 41) preparaticm 
of 9-quino(5,2,l-kl)phen©thiazinone from l-carboxy-lO-phenyl-
phenothiazine# Tiie product weighed 0#85 g*, which constituted 
a yield of 60, and melted at 219®, fhe physical appearance 
of the material prepared by the two different routes was the 
saaie, and a mixed melting point showed no depression, thus 
indicating the identity of the two cfMpounds# 
Frep&ratim of 10-Phenylphenothiazlne. 10-Phenylpheno-
35 thiaziae was first prepared by Bamett and Smiles , and this 
Q 
nethod of preparation *»s later modified by Pinsi « The 
otethod of preparation used here presents several further 
modificatims and is therefore given in sc^ detail* 
Two hundred g# (1«0 mole) of Eastman Eodak ^practical" 
grade phenothiazine, 306 g. (1«50 mole) of iodobenzene, 120 g. 
of anhydrous sodium carbonate^ and 10 g* of copper powder 
35. Bamett and Smiles, J. Cheai. Soc.j 97, 364 (1910). 
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were stirred and refluxed for twelve hours. The mixture was 
steam distilled and 40 g. of iodobenzene was recovered in the 
distillate* The solid residue from steam distillation was 
filtered off and washed with 10% hydrochloric acid followed 
by water. The material was then distilled at 1 usn. pressure 
and the product came over at 220-223®. The distillate weighed 
176 g. and solidified to a light yellow-brown solid which 
melted at 92-93®. The yield of 10-phenylphenothiasine of thie 
purity was 64^. The compound could be re crystallized froiB 
glacial acetie acid to give white prisms melting at 94.5^* 
The earlier workers had reported the melting point of 
10-phenylphenothias;ine as 89-90®. 
Metalatlon of 10»Phenylphenothlagine« To 800 »1. of an 
ethereal solution containing 0.275 roole of n-butylllthiua was 
added 55 g. (0.2 mole} of lO-phenylpl^nothiazine, and the 
mixture was stirred at roost temperatiupe for twenty-two hours 
and then allowed to stand for another twelve hours* The re­
sulting yellow solution was carbonated by pouring on a mixture 
of ether and excess crushed solid carbon dioxide. The crude 
acidic auitalation product was isolated as previously described 
in the aetalation of phenothiazlne. fhe crude acid was re-
crystallized frcaa acetic acid to give 6 g. of yellow powder 
melting at 258-258»5®. This constituted a yield of The 
analysis and neutralizaticm equivalent indicated that the 
product was a monocarboxy acid of lO-phenylphenothiasine. 
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Anal* C&led* for 4.58; neut. equlv., 
5X9• Foi2ZI<Ss H, 4*62| neat* equlv*« 524 and 327* 
Preparation of the Methyl Eater of the Metalatlon Acid 
of XO-jPhenylpbenothlaglne» The monooarhoxy acid frem the 
metalation of XO-phenylphenothiasine was esterified with 
imthyl alcohol and dry hydrogen chloride in 37% yield. The 
prodaet was a yellow solid and melted at lSS-154® after re-
crystalllssation fro® a mixture of bensene and petroleiaa ether 
(h.p. 80-110®). 
Anal. Calcd. for CgoH^sOgHSs K, 4.20. Poimdt H, 4.24. 
Preparation of io>{ 4 * -Carhoasethojcir )phenylpbenothiasine. 
A mixture of 10 g. (0.038 aoley of methyl p-iodohenaoat«, 
7.i& g. <0.058 mole) of phenothlasine, 5 g. of anhydrous potas­
sium carbonate, 0.5 g. of copper powder, and 60 ml. of a high 
boiling petroleum fraction (b.p. 200-250®) was stirred and 
spefluxed for eighteen hours. The mixture was filtered hot and 
allowed to cool. An equal volume of petroleum ether (b.p. 
80-110®) was added to the filtz>ate, and the solution was de­
canted away from some precipitated tar. The volume of the 
soluti(m was redueed to 15 ml. by distillation and upm cool­
ing 7^0 g. of brown crystalline solid precipitated. Two re-
crystallizations from glacial acetic acid gave 5.0 g. (59^) 
of small brown prisms which melted at 140.5-141.5®. 
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Anal« Caied# for  4.20. Found: N, 
4«32« 
Preparation of 10»(4'»C&rboxy)pheaylphenothlaglna. Th® 
saponification of 10«(4*«'Carbc^6tho;xy}phan7Xphenothia£ln« was 
accomplished in 7*^% yield by refluxing for two and one-half 
hours with 10^ aqueous sodium hydroxide. The product was re-
crystalllzed twice from glacial acetic acid and was a white 
powder melting at 221-221.5®. 
Anal. Caled. for Cj^gH^^jOgKSj H, 4.38} neut. equiv., S19. 
Founds H, 4.56J neut. equiv., 326, 
Preparation of 10*{5* -Garhoagy)phenylphenothiazine. light 
grams (0.031 mole) of methyl m-iodohenzoate, 6.1 g. (O.OSl 
mole) of phenothiasine, 5 g. of potassium carbonate, 1.5 g* 
of copper bronze, and 2 ml. of xylene were stirred and re-
flua^d for twenty-four hours according to the procedure used 
29 by Ollmn and Brown for the preparation of m-carbomethoxy-
triphenylasilne• The ijiixture was extracted several times with 
hot ether and with hot benzene. Nothing could be isolated 
frc® the extracts. The residue from this treatment was boiled 
with water to remove potassium carbonate, and the hot mixtiire 
was filtered. Acidification of the aqueous filtrate gave a 
light green solid which, upon removal and two recrystalliza­
tions from glacial acetic acid, gave 0.075 g. of yellow powder 
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which at 254-255®* Analysis and a neutralization 
equivalent indicated that this acidic material was 10«(3*-
carboxy)phenylphenothi«Kine. The ester group had apparently 
been at least partially hydrolyzed either by the harsh reaction 
conditions or by the treatment of the product with boiling 
water* Mo evidence of xmhydrolyzed reaction product was found. 
The yield of 10-(S'-carboxy)phenylphenothiazlne was only 
^nal. Caled. for C19H1SO2MS1 H, 4 •38; neut. equiv,, 319* 
Founds H, 4#32; neut. equiv., 315. 
Preparation of 10-.(3* "Carbomethoacy)phenylphenothlazine, 
Refluxiag 0.050 g. (0.00016 mole) of 10-(3*-^carboxy)phenyl-
phenothiazlne dissolved in a saturated solution of dry hydro­
gen chloride in absolute methanol for one hour yielded, upon 
evaporatimx of the solutlcm, 0.020 g. of grey<»green ester 
aelting at 98-99®. The yield was 38^. 
Anal. Galcd. for CgoHisOgKSs 5, 4.20. Pound: H, 4.30. 
Th» Aetlm of Concentrated Eydriodic Acid on the Metala* 
tioBci Acid of lO-'Phenylphenothiazlne* Two grams (0.0063 mole) 
of the metalation acid of 10-phenylphenothiazine and 30 ml. 
of concentrated hydrlodlc acid were refluxed for three days. 
Hydrogen sulfide was evolved during the reaction. The cold 
soluticwi was filtered to collect the precipitated solid. The 
solid was recrystallized once frc® a mixture of benzene and 
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p©trol«uni ethep {b»p» 80-110®) and cmce more fTom pure ben­
zene to yield 0,20 g. of yellow powder melting at 184-186®. 
A laixed aelting point between this e<»apoimd and an authentic 
aasple of S-carboxytriphenylamlne prepared by Gilaan and 
Brown^® and reported to antelt at 186®, nselted at 184-185®, 
which indicated the Identity of the two oomponndB. 
fhe Action of Concentrated Hydrlodlc Acid <m the Metala-
tioB Acid of 10-Ethylphenothiazlne> Two grama (0.0074 mole) 
of the metalatioa:! acid of lO-ethylphenothiazine prepared by 
Van Ess^ was refluxed with 20 ml. of concentrated hydri<^lc 
acid for twenty hoiare. During this period hydrogen sulfide 
was evolved. The resulting solution was filtered and the fil­
trate neutralized with sodluai hydroxide solution. This treat-
laont precipitated a yellow powder which was recrystalliaed 
frm benzene-petroleum ether (b«p. 80-110®) to give 0.5 g. of 
light yellow powder melting at 138-139®. This isaterial was 
showm to be Identical with a sample of 3«oarbozydiphenyla«ine 
which was prepared according to the procedure given below. 
Preparatiqa of S-Carbogyd 1 phenylaaine * Five grams 
(0*019 mole) of methyl m-iodobenzoate, 30 ml. of aniline, 5 g. 
of potassium carboimte, and 0.5 g. of copper bronze were 
stirred and refluxed for four honrs. The mixture was steam 
distilled to remove excess aniline, and the z^sidue was re-
fluxed with 75 ml. of 15?^ alcoholio potassium hydroxide 
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solution for five hours. Th« resulting solution was poured 
into water, filtered, and acidified* The precipitated black 
solid wa« reprecipitated from alkaline solution, treated with 
chareoal and recrystallized from a mixture of bansene-
petroleusi ether (b*p. SO-110®). The product weighed 0.1 g. 
and was a yellow powder melting at 140®. The yield was 
A mixed melting point between this material and the 138-139® 
aelting etMspotrnd from the action of hydriodic acid on the 
metalatiim aoid of lO-ethylphenothiasine melted at 139-140®. 
S6 The patent literature mentions S-carboxydiphenylaiaine 
bat there is given no method of preparation or a descriptim 
of properties of the c<aipound. 
Anal« Calcd* for (?X3%1^2^* d«68; neut. equiv., 213. 
Foundt H, neut. equiv., 219 and 221. 
Freparaticm of 10-{2'-Hitro)phenylphenothiaaine. Twenty 
grama (0.1,mole) of phenothiaxine, 37 g« (0.15 mole} of 
o-iodonltrob»n«ene, 100 ml, of xylene, 15 g« of potassium oar-
bcmate, and 1 g. of copper brtmse was refluxed with stirring 
for ten hours. The resulting mixture was cooled, filtered, 
and the residue extracted with water to remove excess potas-
sii^ carbonate. The residue was recrystallized from a mixture 
of benzene and petroleim ether (b.p. 80-110®) to give 14 g. 
iU%) of yellow-brown prisms which melted at 156-157®. 
36, Pr. pat. 824,480 (1937) /ghem. Zentr.. 109, II, 185 
<1938^7. 
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Anal. Caled. for  C^^gHj^gOgNgSj N, 8.75, Found: H, 8,66. 
Fat^paratlon of 10-(2'"Affi3.no)phenylphenothlagla#. Piv© 
grajBB (0.015 mole) of lO-(2»->nltro)phenylph«nothiaaln0, 10 g. 
of granulated tin, and 20 lal. of water were stirred and re-
fluxed for raae-half hour during which 75 ml. of concentrated 
hydrochloric acid waa added. The mixture was stirred and 
heated for an additional one-half hour. The suspended organic 
matter was reiaoved by filtration and recrystallised frcaa 
alcohol. Another recrystallijeation from petroletim ether (b.p* 
80-X10®) ^ ve 4.5 g. (95jC) of li^t yellow needles melting at 
1S9-1S9.5®. 
Anal. Caled. for 9.65. Founds N, 9.66. 
Preparation of y-Diethylaminopropyl Chloride Hy3ro-
chlorlde. The general procedure for the preparation of 
y-diethylaminopropyl chloride hydrochloride was furnished by 
Dr. R. R. Burtner and represents a modification of the orig-
37 inal procedure of Slotta and Behnisch . 
A mixture of 1200 ml. of chloroform and 290 g. (2.43 
moles) of thicKiyl chloride was placed in a two-liter three-
necked flask equipped with a reflux condenser, dropping 
funnel^ and stirrer. The mixture was ii&mersed in an ice bath* 
and to this iced mixture was added a solution of 157 g. 
37. Slotta and Behnisch, Ber., 68, 754 (1935). 
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(1«20 molea} of V-dlethylaiainopropanol in 260 ml. of chlojro-
form. Tb» addition required approximately one hour. The mix­
ture was then reflaxed for three hours, after which period the 
solvent and exeess thionyl chloride were removed by distilla­
tion. fhe residue was treated cautiously with 300 ml. of 40^ 
sodiuai hydroxide solution and extracted with 2 1. of ether. 
The ethereal solution was dried over anhydrous sodium sulfate 
and then evaporatively distilled. The residue was distilled 
in vacuo at a pressure of 20 mm. The fraction of colorless 
oil boiling at 75-75® was collected. This material weighed 
131 g., which corresponds to a yield of 73?^. 
The base was converted to the hydrochloride by dissolv­
ing in ether and allowing dry hydrogen chloride to pass 
through the solution. The hydrochloride is a white powder 
which jBelts at 66-68®. Magidson and Strukov®® reported the 
cc8Epound to welt at 62-64**. This material is extrenely 
hygroseopie and nust be stored in tightly stoppered bottles. 
FiNsparation of 10- (2 ^ -Y-Die thylaminopr opylamino) phenyl-
phenothiazine. Four grams (0*013 stole) of 10-(2*-amino)-
phenylphenothiaiine and 2.5 g. (0.014 mole) of Y"^i«^iJyi«aino-
propylchloride hydrochloride were heated together for fifteen 
hours in a test tube immersed in a metal bath at 130-140®. 
The dark red viscous product was extracted with hot 2^ 
36* Magidson and Strukov, Arch. Pham.. 271. 569 (1933). 
5S 
hydrochlorle acid. The acidic extracts were mad® alkaline 
with ooneentrnted soditm hydroxide solution and extracted with 
ether# The ethereal extract was dried over anhydrous aodiusi 
sulfate and evaporatively distilled. The residual oil was 
distilled at less than 0«5 im, pressure. It boiled at 215* 
230® and was a yellow-green, fluorescent, highly viscous oil. 
The yield was 2.7 g, or 49^. 
Anal. Calod. for CggHg^H^S: H, 10*41. Pound: H, 10#54. 
Freparati<aa of 10-{4 * itro)phenylphenothiazine » Twenty 
grass {0*1 mole} of phenothiasine was allowed to react with 
S7 g« (0.15 mole) ©f p-iodoaiitroben»enc as in the preparation 
of 10~(2»-nitro)phenylphenothiazine. The product was recrys-
talllzed fro® alcohol to give 11 g. (53J^) of yellow prisas 
melting at 154-155®. A sraall sample for analysis was reerys-
talli2»d from benzene and the product melted at 157®. 
Anal; Caled. for Founds H, 8.77. 
Preparation of 10-(4* -Aaino)phenylphenothiazine. Eight 
and three-tenths grams (0.026 mole) of 10-(4»-nitro)phenyl-
phenothiazine was reduced with tin and hydrochloric acid as 
described under the reduction of 10-(2'-nltro)phenylpheno-
thiazine (p. 50). Two recrystallizatlons fr<^ petroleum 
ether (b.p. 80-110®) gave 3.5 g. of yellow prisms melting at 
132-133®. The yield was 46^. A second run gave a yield of 
85^* 
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An&Xt CalGd. for ^3.8^14^2®^ 9»65» Poim<5s K, 9«41* 
Breparatlon of 10- (4 *" /•"Diethylamlnopropylamlno)phenyl" 
phenothiazlne» The reaction between 4»S g. (0.0149 aole) of 
dletbylaminopropyl chloride hydrochloride waa carried out as 
deacribed under the preparation of 10-(2'-Y"'^i®t^yl«^»op*'o-
pylaffltno)phenylphenothlazine (p. 51). The product waa dis­
tilled at less than 0*5 am* pressure with a bath temperature 
of 550®» The product weighed 2«5 g. and was a yellow "glass." 
The yield was 42J^. 
Aii^l* Oaled• for 10*41» f^ouzid* 10»50* 
Preparatlcm of 10»(g * -K1 tro«'4' "methyl )phenylphenothiaasine. 
3«Kitro«4-todotoluene was prepared in a yield of 88J^ frcaa the 
c<^msereially available S"nitrO"4"aminotoluene by diaxotization 
and treatment of the dlaKonium solution with potassium 
iodide®®* 
Twenty gri^s (0*1 mole) of phenothiazine, 30 g. (0*12 
mole) of S"nitro-4"iodotoluene, 100 ml» of xylene, 15 g» of 
potassium oarbonate, and 1 g. of copper bronze were heated to 
reflux tenjperature for twelve hours • The mixture was filtered 
hot, and the filtrate evaporatively distilled to a voluaie of 
30 ml. Cooling of this solution precipitated a brown solid 
which was removed by filtration and recrystallized from 
39. Beilstein and Kuhlberg. Ann«« 158. 344 (1872). 
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glacial acetic aci(3 to gi^^e 12 g. of small brown crystals 
lilting at 179,5-180®, fhi« constituted a yield of S6^. 
Since phenothiazine uielts at 180-181®, a melting point 
determinaticm was loade m & loixture of phenothiazine and the 
above product* The mixture melted below 150® which indicated 
the non-identity of the two ccaapounda. 
Anal. Calcd. for 029112^40282^: H, 8«40. Founds K, 8,47. 
Preparaticm of 10- (2 * «'ABiino*4' •^methyl) phenylphenQthlazine» 
A suspension of 6.5 g. {0*0195 mole) of 10-{2>-nltro-4*-
3siethyl)phenylphenothiazine in 100 ml. of glacial acetic acid 
was heated to boiling, and to the boiling solution was added 
40 »1» of a hot saturated solution of stannous chloride in 
ooaoent*«.ted hydroehlorie acid* The stannous chloride solu­
tion was added dropwise over a period of twenty minutes, dur­
ing which tiaie the reaction mixture changed in color from 
blaok to dark red and finally to a dark green* After additicm 
of the reducing agent, the mixture was heated on a steam cme 
for an additional fifteen minutes and then poured into excess 
water* The precipitated green solid was filtered off, dried, 
and extracted several times with fresh portions of petroleum 
ether (b*p* 80-110®)* Evaporation of the combined extracts 
to a volme of 25 ml. and cooling precipitated 4*8 g* (81^) 
of white to light tan prisma melting at 140-140.5®. 
Anal. Calcd. for K, 9.20* Found: H, 9.45. 
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Preparatlcm of 10»(g'-y-Dlethylan}lnQpropylaB}ino-4'-aethyl)-
phenylphenothiazlne» Pour and seven-tenths grams (0.0155 mole) 
of 10-{2•-amlno-4*-methyl)phenylphenothiazln® and 2.9 g. 
<0.0155 mole) of dlethylaminopropyl diloride hydrochloride 
were heated to a temperature of 150-175® for four hours. The 
reaction mixture was treated as previously described under 
the preparation of 10-{2'-diethylaE!inopropylaailno)phenylpheno-
thiazine (p. 51). The product distilled at a hath temperature 
of 270® lander a pressure of less than 0.5 mm. and was a yellow 
oil with a green fluorescence weighing 2.9 g., corresponding 
to a yield of 45^. 
Ana]L. Calcd. for 10.08» Founds lO.Od* 
Preparation of 10-(2'-Hitro-4' -iaeth03C3r)phenylphen0-' 
thiazine. S-Nitro-4-a]jiinoanlsGle was converted by diazotiza-
tion and treatment with potassium iodide to 3-nltro-4-iodoani-
sole in a yield of 
A mixtiire of 20 g. (0.1 mole) of phenothiazine, 35.5 g. 
(0.12 raole) of 5-nitro~4-iodoanisole, 75 ml. of xylene, 20 g. 
of potassium carbonate, and 1 g, of copper bronze was stirred 
and refluxed for sixteen hours. The mixture was filtered hot 
and the filtrate upon cooling precipitated a dark red solid# 
This solid was removed by filtration and recrystallized twice 
from glacial acetic acid which gave 8.5 g. (24^) of red-brown 
40. Reverdin, Ber., 29, 2595 (1896). 
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ndnute crystals melting at 184-186®. 
Another preparation of the sar.ie size gave a yield of 2Q%* 
Anal. Calcd. for 8,00. Pound: N, 
7.85. 
Preparation of 10-(2' •-Aiaino~4' -methoxy)phenylpheno-
thiazine. Eight and nine-tenths grams (0»026 mole) of 10«-(2'-
nitro-4'-methoxy)phenylphenothiazlne was dissolved in 200 ml. 
of boiling glacial acetic acid. A saturated solution of 
stannous chloride in hot concentrated hydrochloric was added 
slowly until the acetic acid solution had taken on a deep 
green color. The mixture was then cooled and filtered away 
from a small amount of black solid. The filtrate was poured 
into excess water which precipitated a grey-green solid. 
This was filtered off, dried, and recrystallized twice from 
benzene to give 4.7 g. of small olive-green prisms melting 
at 180-181®. The yield was 57^. 
A second reduction which was carried out on 8.0 g. of 
nitro ccaapound ^ve 3.9 g. of product which correaponda to a 
yield of bZ%m 
Anal. Calcd. for M, 8.75. Foimd: M, 8.74. 
Preparation of 10-<2'-y-Dlethyla3ilnopropylamino-4'-
methoxy)phenylphenothiazine. A mixture of 5.9 g. (0.0122 mole) 
of 10-(2*-an2ino-4'-inethoxy)phenylphanothiazine and 4.5 g. 
(0.024 mole) of diethylaminopropylchloride hydrochloride was 
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bdated in an alght-inch teat tub© to a temperatiir« of 160-
17S® for a period of two hours. The aroection mixture was 
treated in a maimer siaiilar to that previously described for 
the preparation of 10-{2'-diethylaminopropylaiaino)pheayl-
phenothiazine {p. 51). The product was distilled at 220-
255® at a pressure of less than 0.5 rem. It was a yellow-red 
oil and weighed 2.5 g, corresponding to a yield of 
Anal. Galcd« for CggHgj^OHgS* H, 9»70. Foundt H, 9*60, 
Preparatit^. of 10- {8' -Me thoxy-4 * -ni tro) p h tnylpheno-
tMaalne* 5-Hitro-'2-aininoanisole was converted by diaaotiaa-
ti<m and treatment with potassium iodide to 5-nitro-2-iodo-
anisole* The lilting point of the produet was found to be 
130-lSl® instead of 127-128® previously reported by Meldola 
and lyre^^# 
A mixture of 20 g. (0»10 mole of phenothiaeine, 42 g« 
(0*1§ mole) of 2-iodo-5-nitroanisole, 20 g« of potassitm car­
bonate, 75 ml. of xylene, and 1 g, of copper brense was stirred 
and refluxed for nineteen hours. The mixture was filtered 
hot and ti» filtrate upon cooling precipitated considewible 
solid matter. This mterial was w»orystallized once froas gla­
cial acetic acid and twice from a ndxture of benzene and 
petroleum ether (b.p. 80-110®) to give 12.5 g. of oraa^-red 
plates which melted at 159-160®. The yield was 36^. 
41. Meldola and Eyre, Proc. Chem. Soc.. 17^ ISl (1901). 
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Anft3.« C&l.Gdl» for 8*00» Found j S»06« 
Attaaptgd Rftduetlon of 3.0*( 2 * -Uethox^-^' -^nltro)phenyl-
pheaothiaglne to 2£-(2 * •'Meth03cy«4 > "tualno )ph®nylphenothlagin«» 
lO-'{2«-M0tho3qf-4*-'nlt3w)phenylpheaothla2ilae was treated with 
atamous chloride In hydrochloric add in an attempt to pre­
pare the correspondIng amine. An Impure mixture was obtained 
as th© product, which could not be separated by 
reeryatalllKatioai* 
Preparation of lp»<2* -Jiitro-4* *Ghloro)pbenylphenothiazine. 
\ 
A ffiisEture of 20 g* (0.1 mole) of phenothlazine, 55 g. 
(0,125 raole) of 2-nltro-4-chloroiodobenaene (prepared froii 
2*nltro-4*ehloro&nlliae in 96^ yield according to the dlrec« 
tions of Kfimer'^®), 100 al. of xylene, 15 g* of potaaslim car­
bonate, and 1 g« of copper br^ze was stirred and refluxed 
for nine hours. The mixture was filtered hot and the filtrate 
upon cooling precipitated a brown crystalline solid. 
solid was removed by filtration and crystallized froa glacial 
acetic acid to give 7.4 g. (215^) of brown prisms. The ccaa-
potmd melted at 185.5-186.5®. 
Anal. Calcd« for Cj^gHn^i^OgClNgSi H, 7.90. Found* K, 
8.10. 
42• KSraer, 6azz. chlm. ital., 4, 581 (1874). 
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Preparation of 10-( 2' -Amlno-4 * -ohlQro)t>henylpbenothla-» 
ztm* Seven and three-tenths grsune of 10-(2'-nitro-4'-
chloro)phenylphenothlazine was dissolved In a ininirr.um amoxint 
of boiling glacial acetic acid, and a saturated solution of 
stannous chloride in concentrated hydrochloric acid was added 
dropwise until the color of the acetic acid solution had 
changed frcm dark red to a dark green. The mixture was cooled, 
filtered, and the filtrate poured into excess water to precipi­
tate a light green solid. This solid was recryatallized twice 
from benzene and once from petroleum ether (b.p» 80-110®) to 
give 2,5 g, (38^) of white powder melting at 126.5-126®, 
There was ccMaslderable tar formation in this reaction. 
Anal. Calcd. for Cj^gH^igClHgS: H, 8.65. Pounds H, 8.45. 
Preparation of 10-(2' -Y ''Diethylamlnopropylamino-4 * -
chloro)phenylphenothlazine. A mixture of 4.8 g. (0.015 mole) 
of 10-(2»-amlno-4'-chloro)phenylphenothiaEine and 5.6 g. (0.03 
mole) of diethylaminopropyl chloride hydrochloride was heated 
under an atmosphere of dry nitrogen for one hour at 120-125®, 
then for two hours at 145-150®, followed by an additional 
ho\ir at 165-170®. The reaction mixture was treated as pre­
viously described under the preparation of 10-(2'-diethyl-
aminopropylaffiino)phenylphenothlazlne (p. 51). The product 
was distilled vacuo at a pressure of 2 mm. It boiled at 
270-280® as a yellow oil weighing 3.1 g. The yield was 47^^. 
Anal. Caled. for CggIj^0ClN5Ss H, 9.61. Povuadi N, 9.62. 
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A Stamroaarr of Unaueoesaful. Attempta to Freparo Other 
XQ*-(HI tro) ph^nylphenothlaglne Derlvatlvoe > Table VI serves 
to summarise several attempted reactions in which derivatives 
of iodonitrobenzenea we3?e given the opportunity to condense 
with phenothiaalne or phenothiazine derivatives# In general 
these reaotlons were carried out in the same manner as previ­
ously described successful condensatloiusi (e«£« p. 49). 
Table VI. Sumanary of Unaucoaesful Attempts to Prepare Additional 
10-(Kitro)phenylphenothia«ine Derivatives. 
Reaotants 
B 
Moles 
A 
Moles 
B 
Remarks 
1« Phenothiazine 
2. Phenothiazine 
s ,  Phenothiazine 
4. 5-Methylpheno» 
thiaeine 
6* 5-Methoxypheno-
thiasine 
a-lodonitro 0.10 0»15 
liensene 
2-Iodo-5-nitro- 0»10 0.15 
toluene 
2-Iodo-3«»nitro- 0.10 0*15 
toluene 
o-lodonitro-
Benzene 0»10 0«15 
o-Iodonitro-
Kenzene 0*01 0*016 
No reaction. 
Ho reaction* 
24^ A recovered. 
Tar formation. 
Tar formaticm. 
Tar formation. 
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Preparation of 10«>(?-Chloroethylpbenothlazln«. The paropa-
ratlcm of lO-^-^ohloroathylphenothiazlne was first carried out 
4S by Spats and Eolbesen . fhe method given beloir contains 
only slight variations from the procedure used by these workers* 
fo 600 ml. of an ethereal solution of n-butylllthli^ con­
taining 0*69 mole of the organoicetallic ec^oimd was added 
137 g. C0.69 mole) of phenothlazine• The phenothlasine was 
added slowly over a period of one hour to the lee cold n-
butyllithium solution, since considerable heat Is evolved in 
the formation of the 10«>lithiophenothiasine» A soluti(m of 
151 g# (0.69 mole) of freshly distilled 0*ehloroethyl 
p-toluenesulfonate in 100 ml. ether was added over a period 
of one hour to the iced lO-lithlophenothiazine solution. The 
reaction mixture turned a bright orange-red color when about 
half of the ester had been added. The mixture was hydrolyiied 
by the slow addition of water. The ether layer was separated 
and the ether allowed to evaporate. The yellow solid, which 
rejaaiaed after evaporation of the ether, was recrystalliaed 
once frcHB ethyl alcohol to give 85 g. of light yellow needles 
which melted at 96-87®. This corresponds to a yield of 47^. 
Spats and Kolbezen gave the melting point of the com­
pound as 97-98® and the yield obtained in the preparation 
was 62^• 
43# Unpublished studies by S. M. Spatz and M. J. Kolbezen. 
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Prepmratlon of 10*^GhloroethylphenothlazlQ«»'5«'Oxlda. 
10-P>«Chloro«tl3tylph«nothia»ine was oxi<31so<3 to the correapoad-
Ing sulfoxide l&y the aotion of 5(^ hydrogen peroxide in 
alcohol^* Fifteen grama {O^O&l mole) of 10-^-chloroethyl-
pltonothlazine was dissolved in 500 ml. of warm aloohol and 
50 sal« of SO^ hydrogen peroxide was added. The mixture was 
allowed to stand at rooas temperature for two days. The 
clear wine-red solution was poured into an excess of water, 
which precipitated white solid. This solid was removed hy 
filtration and recrystallized from a 1:1 mixture of benzene 
and petroleiaa ether {h.p. 80-110®) to yield 10 g, {6SjC) of 
white prisms which melted at 154-155®. 
Anal. Caled. for Gj^^Hj^OClHSi N, 5.04. Pound: H, 4.80. 
Preparation of 10-^-Diethylaminoethylphenothiagine. Tea 
grams (0*058 mole) of lO-0-ohloroethylphenothla£ine was re-
fluxed with 50 ml. diethylamine in the presence of 1#0 g, of 
copper broasse for sixty hours. A considerable amount of pre­
cipitate had formed in the reaction-mixture which was likely 
diel^ylamiiie hydrochloride formed from excess amine and the 
hydrogen chloride liberated in the condensation. The reaction 
mixtuiro was dissolved in dilute hydrochloric acid and this 
solutioaa made strongly alkaline with sodium hydroxide. The 
mixture was extz^eted with ether and the c<Habined extracts 
44# Kehrmann and Diserens, Ber., 318 (1915>. 
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dried over sodium sulfate. Evaporative distillation of the 
dried ethereal soluticm followed by a vacuum distillation of 
the residue gave as the product a yellow oil boiling at 161-
165® at a pressure of less than 0*5 ram. There was 7.6 g of 
this compound, corresptMidlng to a yield of 67^. 
Anal. Caled. for C3^3iiggN2Sj N, 9.40. Pound: K, 9.46. 
Preparation of lo-|^-Dipropylaiainoethylphenothlagine. A 
mixture of S.7 g. (0.014 mole) of 10-(^-ehloroethylphenothia-
zine and 8 ml* of dipropylamine was refluxed for six hours. 
The reaction mixture was treated in a manner similar to that 
described in the preparation of 10-(^-diethylaminoethylpheno-
thiazine (p. 65). The product boiled at 225-230® at 1 mm. 
pressure as a light yellow oil. The product weighed 5.5 g., 
corresponding to a yield of 77^. 
Anal. Calcd, for CggfiggUgS: H, 8.59. Pounds 8*50. 
Preparati<m of 10-^ -Morpholinoethylphenothiazine. Ten 
grams {0.GS8 mole) of ^ -chloroethylphenothiazine was refluxed 
for forty-eight hours with 50 ml. of morpholine. The reaction 
mixture was treated as has been described previously under 
the preparation of lO-^diethylaminoethylphenothiazine (p. 63). 
The product distilled at 198-201® at a pressure of less than 
0.5 am. The product was a light yellow viscous oil which 
solidified to a white crystalline mass which melted at 74.5-
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75.5®. The(^>-morpholinoethylphenotbiazin© weighed 8.4 g,, 
corresponding to a yield of 71^, 
Anal. Calcd. for 8.97. Found: N, 8,95. 
Preparation of 10*fe-(6* "Methoxy-S* .-qulnolyljamlnQethyl-
phenothiazlne. Ten grama (0.038 mole) of (^-chloroethylpheno-
thlazine, 19.8 g. (0.114 mole) of 8-aBaino-6-fflethoxyquinoline^ 
and 1.0 g. of copper powder were heated for five hours in an 
atmosphere of nitrogen at a temperature of 140-150®. The re­
sulting mixture was triturated with excess annaonium hydroxide 
solution followed by ether extraction. After drying and evapo­
rative distillation of the ethereal extracts, the residual 
oil was distilled vacuo at a pressure less than 0.5 mm. 
The product was Included in a fraction of red, viscous oil 
which hoiled at SlO-330®. This oil was extracted repeatedly 
with petroleum ether (b.p. 80-110®). Evaporatim of the sol­
vent from the conbined extracts gave a mixture of yellow 
crystals and oil. This mixture was recrystallized twice from 
a mixture of benzene and petroleum ether (b.p. 80-110®) and 
twice fflore from the petroleum ether alone to give 1.8 g. (12^) 
of yellow-brown prisms melting at 116-118®. Additional puri­
fication of a small amount for analysis gave light yellow 
prisms melting at 118.5-119.5®. 
Anal. Calcd. for Cg^^j^ONgS: N, 10.53. Potmd: H, 10.82. 
45. The 8-amlno-6««iethoxyquinollne was supplied by Parke-
Davis Company of Detroit, Michigan. 
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Freparatlon of xo»i-Chioropropylphenothlazlne, Three 
htindred milliliters of an ethereal solution of n-butyllithiua 
eontaining 0»45 mole of the organometallic compound was pre­
pared from n-butyl chloride and lithium metal in a yield of 
57^. To this solution was added under nitrogen 80 g. (0,40 
mole) of phenothiazine. The addition of the phenothiazine 
required thirty minutes due to the considerable heat evolved 
when the active hydrogen on the nitrogen is replaced by a 
lithi\]ffi atom. To the resulting solution was added a mixture 
of 107 g (0.4S mole) of y-chloropropyl p-toluenesulfonate and 
050 ml. of ether over a period of one and one-half hours. A 
copious orange precipitate which was probably lithium p-tolu-
enesulfonate had formed during the addition of the ester. 
The mixture was allowed to stand over night, and was then 
hydrolyzed by the dropwise addition of excess water. The 
ether layer was separated, washed with water, dried, and the 
ether removed by evaporative distillaticai. It was attempted 
to distill the residual oil at a pressure of less than 0.5 mm^j 
however, decomposition set in at about 120°, and the distil­
lation was then stopped without serious loss of product. The 
remaining dark oil was extracted several tiroes with boiling 
petroleum ether (b.p. 80-110®). Cooling of the combined 
extracts precipitated a dark oil which soon solidified. This 
solid was recrystall 1 zed frcaa methanol to give 35 g» {.Z2%) of 
white prisms melting at 68®. 
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Anal* Calcd. for Cj^gHj^^ClNS: N, 5.08» Pound: H, 5.23. 
Preparation of lO'-V-"Dlethyl^lnopropylphenothlazlne» 
Eight grains {0,029 mole) of Y-chloropropylphenothiazine, 
25 lal. of diethylamine, and 0*2 g» of copper bronzo were 
heated at reflii* temperature for fifty hours. The mixture 
was poured into exeees water, made strongly alkaline with 
sodiuffi hydroxide, and extracted with ether. The ethereal 
solution was dried over anhydrous sodium sulfate, evaporative-
ly distilled to remove the ether, and the residual oil dis­
tilled in vacuo at a pressure of less than 0.5 ram. Six and 
two-tenths grams of product distilled at a tejnperature of 
170-182®. The material was a yellow oil and was produced in 
a yield of 68^• 
Anal. Calcd. for C2^gH2^H2S: N, 8*97. Pound: N, 9.18. 
A dipicrate derivative was prepared toy addition of a 
saturated solution of picric acid to the boiling alcoholic 
solution of lO-y-diethylaminopropylphenothiaeine. The deriva­
tive separated fr<^ the alcohol in the fora of yellow prisms 
which melted at 105-104®. 
Anal. Calcd. for Cgj^H^QCj^^NgSj N, 14.56. Pound; H, 
14.80. 
It was attempted to prepare 10-)^«diethylaminopropylpheno-
thiazine by the condensation of ^^-diethylaminopropylchloride 
or its hydrochloride with phenothiazine, but only unchanged 
"• 68 *~ 
phenothiazin® or tarry product was isolated In two attempts. 
Also unsuccessful was an attempt to use Y-diethylanilnopropyl 
bromide hydrobroailde in the preparation of this oc®pound. 
Preparation of lO-Y-Dlpropylamlnopropylphenothiazine* 
Six grama (0.0217 mole) of lO-y-chloropropylphenothiazine, 
15 »1* of di-n-propylamine and 0.2 g» of copper powder were 
heated to reflux temperature for twenty hours. The reaction 
mixture was treated as has been previously described under 
the preparation of lO-y-diethylaminopropylphenothiazine (p. 
67). The product was a light yellow oil which boiled at 
257-262® at a pressure of 2 iraa. It weighed 4»2 g. which 
corresponds to a yield of 57$^. 
Anal. Calcd. for C2][%0NgS: N, 8.25. Pound: N, 8.17, 
Preparation of 10-]f-Diallylaminopropylphenothiaglne. A 
Mixture of 8 g. (0.0290 mole) of 10-Y»chloropropylphenothia-
zine, 15 ml. of diallylanine, and 0.2 g. of copper powder was 
heated to reflux for twenty-six hours. The reaction mixture 
was treated as described previously under the preparation of 
lO-V-diethylaminopropylphenothiazine (p. 67). Five and two-
tenths grams of product boiled at 245-260® at a pressure of 
1 ram. as a yellow oil. The yield was 55^, 
Anal. Calcd. for ^ 21^4^2^' 8.34. Poimds K, 8.57. 
- 69 -
Preparation of lo»y~Plperid7lpropylpheaothlazine. Ei^t 
and five-tenths grama (0.0S08 mole) of lO-y-chloropropylpheno-
thlazine, 20 ml. of plperldlne, and 0»2 g, of copper bronz® 
were heated to reflux temperature for fifty hours. The reac­
tion was treated as previously described (p. 67). The product 
distilled as a dark yellow, viscous oil at 255-265® under a 
pressure of 1-2 xm. The product weighed 3.3 g. corresponding 
to a yield of 55%, 
Anal» Calcd. for 8»65. Founds H, 8«90» 
Preparation of 5-Methoxyphenothlazine. 3-Methoxyph®no-
46 thiazine was first prepared by Pummerer and Gassner by the 
action of sodium hydrosulfite on phenothlazone followed by 
treatment with dimethyl sulfate as shown by the following 
equaticsi: 
CXsCIQ 
H 
I 
a.o OH 
H 
I 
H 
<25M°vCX_0 
0GH3 
The coHjpound was prepared in this investigation by the actlcaa 
of sulfur on 4-i?iethoxydlphenylamlne. 
fi 
H , 
c%oO"0  ^ > Octo 
5 
46. Pucaaerer and Gassner, Ber., 46, 2325 (1913)» 
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4-M®tho3t3rdiphenylaHilne was prepared by treating acetyl-
p-anlaidine with excess broraobenzene in the presence of sodiiaa 
carbonate and copper powder, followed by treatment with dilute 
hydrochloric acid in order to remove the acetyl group from the 
nitrogen atosi* The yield in two runs was ZX% and The 
pr<^ttot was separated as ateel-gray needles which melted at 
106®. Wieland and leoker^*^ give 105® as the melting point of 
4~B!ethoxydiphenylaialne. 
An intiirate mixture of 37.5 g. (0.189 mole) of 4-methoxy-
diphenylaffline, 12«S g. {0.S78 g* ato®) of sulfur, and 1 g. of 
iodine as a catalyst was placed in a distilling flask immersed 
in a metal bath. A rubber tube was attached to the side am 
of the flask which served to conduct the hydrogen sulfide 
evolved in the reaction into a flask containing ammonium hy­
droxide solution* The temperature of the metal bath was 
raised to 140-150®. Evolutlcai of hydrogen sulfide began at 
this temperature and continued for thirty minutes. The re­
action mixture was then heated to 175® over a period of fif­
teen minutes as the evolution of hydrogen sulfide slackened. 
' The black fluid was poured into a mortar and allowed to 
solidify. The solid cake was then ground up to a yellow 
powder, which was placed in a Soxhlet extractor and extracted 
with petroleum ether (b.p. 80-110®) for fifty hours* Nineteen 
and one-half gTma,B of yellow powder melting at 158-169° sepa­
rated tram the petroleum ether, which corresponded to a yield 
47. Wieland and ftecker, Ber.j 48, 708 (1910). 
- 71 
of 4cB%* A second run gave a yield of bl%* Pummerer and 
Gaesner^^ gave 163® aa the melting point of 3-methoxypheno-
48 thiazine; however, Kehrmann^, who later prepared the saae 
compound, reported the melting point as 159®, which corre­
sponds to the value found in this study. 
Attempted Preparation of S-Methoxy-lO-V-chloropropyl-
phenothiaglne« Twenty-one grama (0.0916 mole) of S-methoxy-
phenothlazine and an equimolar quantity of n-hutyllithlusi in 
ether solution were allowed to react, and the resulting mix­
ture was treated with an equivalent quantity of V-chloropropyl 
p-toluenesulfcamte as has been described under the preparation 
of 10-/-chloropropylphenothiazln© (p. 66). Evaporation of 
the ether layer from the reaction mixture left a viscous 
orange oil. It was attempted to distill this product in 
vacuo at 1 bss* pressure, hut the material started to decoBi* 
pose* Since the oil also resisted attempts at crystallization, 
it was decided to use the crude mixture in reactions with two 
secondary amines, hecauae the products of such reactions could 
probably be distilled. There was 12 g» of this oil corre­
sponding to a yield of 45^ If the material is assumed to be 
pure product. 
Preparation of 5->liethoxy»10-'/-dl-n«-propylaminopropyl-
phenothiazine. Pour graisai (O.OISI mole) of the crude 
48. Kehrmann, Ber., 48j 327 (1915). 
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3-m«thoxy«10-/-chloropropylph©nothlaBlne was refluxed with 
15 ml. of <3i-a-propylamine and 0*2 g» of copper bronze for 
eight hours. The reaction mixture was treated as previously 
described under the preparation of lO-y-diethylaminopropyl-
phenothiazlne (p. 67). The product distilled over the range 
Eso-Ees® at 2 mm, pressure# The product was 2,2 g. of red 
oil, which corresponded to a yield of 66^. 
Aaal. Calcd. for 7«56. Pound: N, 7»72. 
Preparation of 5-Methoxy~10'-/»diethylaminopropylpheno'' 
thlaaine* Eight grams (0.0262 mole) of the crude S-methoxy-
10-y-chloropropylphenothiaaine was refluxed for ten hours 
with 30 ml. of diethylamine and 0.2 g. of copper bronze. The 
reacti<m mixture was treated as has been described previously 
under the preparation of 10-/-diethylaminopropylphenothiazine 
(p. 67). The product distilled at 220-225® at a pressure of 
less than 0.5 ami. as a dark yellow oil with a strong green 
fluorescence. It weighed 4.4 g., which corresponded to a 
yield of 49^. 
Anal. Galcd. for €20^26^%®* 8.20. Pounds N, 8.46. 
Preparation of 5-Methoxy-lO-aoetylpfaenothiaglne. Two 
grams (0.0087 mole) of S-methoxyphenothiazine was refluxed 
for four and one-half hours with 50 ml. of acetic anhydride. 
The color of the mixture turned from red to a clear dark green 
during the reflux period. The solution was poured into 
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excess water, which precipitated a white solid. The solid 
was removed by filtration and refluxed with enough petroleum 
ether (b.p. 80-110®) to effect solution. Cooling the petro-
leu:H ether solution precipitated two crops of oil from which 
the clear supematent solution was decanted* The solution 
then deposited 0»5 g» of white rosettes which melted at 121-
121•5® and constituted a yield of 22%. 
Anal» Calcd. for Cj^gH^gOgHS: H, 5*16. Poundi H, 5*24. 
Preparation of 3-Methylphenothia8ine» 3-Methylpheno-
thiazine was prepared in a similar manner to the previously 
described preparaticai of 3-raethoxyphenothlazine (p. 69) by the 
action of sulfur on 4-methyldiphenylamine, 
fhe preparation of 4-methyldiphenylaaiine was carried out 
49 by the method of Weston aiad Adkins in which bromobenzene is 
allowed to react with acetyl-p-toluidine in the presence of 
sodium carbonate and copper powder. Two preparations gave 
yields 
87.5-88.5®. Ullmann®® gives 89® as the melting point of this 
compound. 
For the conversion of 4-methyldlphenylainlne to 3-methyl-
phenothiazine, an intimate mixture of 72 g. (0.394 mole) of 
4-xnethyldiphenylamine, 25.3 g. (0.788 g. ate®) of sulfur, and 
49. Weston and Adkins, £. Chem. Soc., 50, 862 (1928). 
50. Ullmann, Ann>, 355,' "32r-(i§WT. — 
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1 g» of iodine were heated to a temperature of 280® over a 
period of twenty minutes. At the end of this time the evolu­
tion of hydrogen sulfide had slackened markedly, and the 
liquid melt was allowed to solidify before being ground up la 
a mortar to a green powder. This material which was obtained 
in a quantitative yield melted at 160-162®. Two recrystalll-
zations fr(^ benzene raised the melting point to 166-168®* 
A British patent®^ lists for possible use as an age-
reslster in rubber a "thlophenyltolylamlne" which probably 
indicates one of the iscmerlc monomethylphenothiazlnes, slnee 
a much-used synonym for phenothiazlne is thiodiphenylaffilne. 
There is no Indication as to the position of the methyl group 
In the molecule4 nor are any properties of the ctmipound 
listed* 
Anal. Calcd. for N, 6.57. Pound: N, 6»&6. 
Attempted Preparation of 3-V-Dlethylamlnopropylamlno-10-
ethylphenothiaglne» A mixture of 1.5 g. (0.0043 mole) of 
3-iodo-lO-ethylphenothlazlne and /-dlethylaminopropylamine 
was heated to 110® for seventeen hours. The 3-lodo-lO-ethyl-
phenothlazine had been prepared by Van Ess^ and the /-dlethyl­
aminopropylamine was furnished through the courtesy of W. P. 
Holccrab of the Parke-Davis Company of Detroit. The reaction 
mixture was poured into water and 1»2 g. of brown solid was 
51. Brit. pat. 359,286 /Chem. Zentr., lOS, 1165 (1932J7. 
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precipitated which was identical with the starting material. 
No further attempt waa made to effect reaction between these 
compounds. 
Preparation of 5»7~Dlnitro-10'>acetylphenothiazlne»S'-
oxide. 10-Ac«tylphenothiazine was prepared aecording to 
Bemthaen by the action of acetic anhydride on phenothlazine, 
The nitration of lO-acetylphenothiazine was attempted 
accoi^ing to the directions of Bemthaen^, and it was found 
that no reaction occurred under these conditions. The follow­
ing procedure was found satisfactory for the preparation of 
3,7-dinitrophenothiaelne-5-oxide. 
Fifty grams (0.25 mole) of phenothlazine was suspended 
in 400 ml. of glacial acetic acid and 125 ml. of concentrated 
nitric acid was added slowly over a period of fifteen minutes. 
During the addition of the acid the tempei^ture of the mixture 
rose to 45®. Upon standing the solution precipitated 40 g. 
(46^) of yellc«r-tan powder which melted with decojaposition at 
265-267®. Bemthsen^ gives no melting point for his nitration 
product, and for this reason the compound prepared here was 
arKilyzed for nitrogen. 
Aaml. Calcd. for C^^HgOgN^S: N, 12.03. Poimdj H, 
12.21. 
Preparation of 5-Nitro»10-'ethylphenothlagine»5'»oxlde. 
4 Kehiraiann and Zybs nitrated lO-methylphenothiasslne and obtained 
- 76 
5-nitP0-lO-ia®thylphenothiazine»5-oxid8 as the product. 
10-Ethylphenothlaaine was nitrated using the general procedure 
developed by these workers. The lO-ethylphenothiazine was 
prepared by Van Ess by the reaction of ethyl brcaaide and 
phenothlazine in a steel b<»nb. 
Ten grams (0.044 mole) of lO-ethylphenothiazine was dis­
solved in 250 ml* of glacial acetic acid, and to this solutltm 
was added 10 ml. of concentrated nitric acid dissolved in 
40 ml. of glacial acetic acid. The mixture was allowed to 
stand for two days, and the clear yellow solution was poured 
into excess water. This treatment precipitated a bright yellow 
powder which melted at 202-204®, and constituted a quantitative 
yield of nitration product. One recrystalliaation of the 
yellow powder from a 1:1 mixture of alcohol and glacial acetic 
acid gave minute canary yellow crystals which melted at 204.5-
205°. Analysis showed this to be a mononitro-lO-ethylpheno-
thiazine-5-oxide, and by analogy to the nitration of 10-raethyl-
phenothiazine, it was assumed that nitration had occurred in 
the reactive S-position of phenothiaaine. 
Anal. Galcd. for G^^^H^^gOgHgS: N, 9.72. Pounds N, 9.82. 
Preparaticm 10«Allylphenothlazine. A mixture of 50 g. 
(0.25 mole) of phenothlazine, 60 g. (0.50 mole) of allyl bro­
mide, 50 ml, of benzene, 20 g. of sodium carbonate, and 2 g. 
of copper powder was stirred and refluxed for six hours. The 
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hot mixture was filtered and the filtrate was distilled to 
remove the benzene and excess allyl bromide, fhe residual 
oil was distilled at 1 lam. pressure, and 37 g. of product 
was collected as a light brown oil which boiled at 187-195®. 
This corresponded to a yield of 62^, 
Anal* Calcd• for 5«86« Fousdi N, 5*dl* 
Preparation of 10-Deeylphenothlaglne. A mixture of 50 g. 
(0.25 isole) of phenothiazlne, 55 g. (0.25 mole) of n-decyl 
bromide (prepared by the University of South Carolina Research 
Poundaticai), 25 g» of sodltam carbonate, and 2 g. of copper 
powder was stirred and heated in an oil bath at 170-180® for 
eleven hours* The cooled reaction mixture was extracted with 
ether, and the oaibined ether extracts were dried over anhy­
drous sodium sulfate and the ether removed by evaporative 
distillation. The residue was distilled at 1 smt. pressure 
and 21»5 g. of yellow oil was collected at 225-235®. This 
material was redistilled at less than 0.5 mm. pressure, and 
^ 8.0 g. of product was collected at 183-186®. This oaterial 
was also a yellow oil and constituted a yield of 9.4^. 
Anal. Calcd. for CggHg^RSs H, 4.13. Founds N, 4.16. 
Preparation of g-Hitro-10-decylphenothiazlne-5-oxlde» 
Ten grains (0.295 mole) of lO-decylphenothlazlne was dissolved 
in 75 ml. of glacial acetic acid and 10 ml. of concentrated 
nitric acid in 75 ml. of acetic acid was added with shaking 
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ovor a period of ten minutes. The mixture was allowed to 
stand for two days, and was then poured into excess water. 
The precipitated yellow solid was recrystallized frcaa petro­
leum ether (h.p. 60-68°) to give 4.0 g. (34^) of bright 
yellow prisms which melted at 102.5-103®. 
Anal. Calcd. for Cgg^gO^NgSs K, 7.00. Found? H, 7.34. 
Preparation of lO-Octadecylphenothiazine. A mixture of 
30 g. {0.09 mole) of n-octadecyl bromide, 17.9 g. (0.09 mole) 
of phenothiazine, 10 g. of anhydrous sodiiim carbonate, and 
1 g. of copper powder was heated at 170-180° for twelve hours. 
The mixture was extracted with ether. The combined ether 
extracts were dried over anhydrous sodium sulfate and then 
evapoj^tively distilled. The residual oil was distilled in 
vacuo at a pressure of less than 0.5 mm., and gave 18 g. of 
yellow oil boiling at 290-300®. Upon cooling this oil solidi­
fied to a waacy solid which was recrystallized from alcohol to 
give minute, white needles which melted at 53®. There was 
isolated 8.2 g. of compound of this purity which corresponds 
to a yield of 20^* 
Anal. Calcd. for CgQE^^NSs H, 3.11. Founds H, 3.06. 
Freparati<Ma of lO-Ootadecylphenothiazine-S-oxide. Five 
grams (0.011 mole) of lO-octadecylphenothiazine was dissolved 
in 600 3b1. of hot alcohol and 30 ml. of hydrogen peroxide 
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solution was added to the mixture. The solution was heated 
to boiling for several minutes, and then allowed to stand at 
room teaimrature for two days. Pouring the reaction mixture 
into excess water precipitated 4»2 g. of pink powder which 
upon one recrystalligation from petroleum ether (b.p, 80-110®) 
gave g. of light pink to white plates which melted at 98®. 
The yield was 55^» 
Anal. Calcd. for C^QE^^OM: H, S*00. Pound; N, 5.07. 
Preparation of 10*PhenYlphenothiagine'>5»oxlde<t Two grams 
(0.007S mole) of 10-phenylphenothiazine was dissolved in 50 ml. 
of hot alcohol and treated with 5 ml. of 30^ hydrogen per­
oxide as described under the preparation of 10-octadeeylpheno-
thieaine-5-oxide (p. 78). The product melted at 170-171® 
after recrystalllssation fr<^ a mixture of benzene and petro-
leia® ether (b.p. 80-110®) and consisted of white prlsras. The 
yield was 1»5 g. or 73^. 
Anal. Galcd. for C^gfi^gOKSs N, 4.81* Fottnd: H, 4.66. 
Preparation of S-Nltro-Io^phenylphenothlazlne-Sooxlde. 
Ten grams (0.0S6 mole) of lO-phenylphenothiazine was suspended 
in 75 al. of glacial acetic acid and a solution of 10 ml. of 
concentrated nitric acid in 75 ml. of acetic acid was added* 
The mixture was allowed to stand for two days and then was 
poured into excess water# The precipitated yellow solid was 
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recryatallized onee from aloohol and once tr<m a mixture of 
alcohol and acetic acid to yield 8.5 g» {7{^) yellow minute 
crystals, melting at 223.5-224.5°. 
Anal. Calod• for 8»S5* Poundt 8*SI. 
Attempted Reduction of 3»Nitro Perivatives of Pheno-
thlaglne to the Corresponding Amino Compounda* It was at­
tempted to reduce the various 3-nitro derivatives of pheno-
thiasine, which were prepared in this investigaticm, to the 
corresponding amino derivatives. Standard reducticm proce­
dures such as catalytic hydrogenation or stannous chloride 
reduction were used. In no case could an amine be isolated, 
since the reduction product deccMsposed rapidly in the air and 
more slowly under nitrogen# This fact adds support to the 
idea that the nitro group in these derivatives is in the 
^-position, since this is the position para to the imino 
grmip and an amino group in this position leads to easily 
oxidixable ccmpounds. 
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V. SUMMARY 
1. A historical survey of the physiological properties 
and therapeutic uses of phenothiazlne and smo of its deriva­
tives has been made. 
2. Phenothiazlne has been shown to monosetalate in the 
l-poslticaa with n-butyllithium. 
5. io-Ethylphenothiazine has been shown to metalate In 
either the 2- or 4~position with n-butyllithlum. 
4# IQ-Phenylphenothlazine has been shown to metalate in 
either the 2- or 4-position with n-butylllthium. 
5« A series of 10-*phenyl derivatives of phenothiazlne 
containing a dialkylamlnc^lkylamlno side chain has been pre­
pared and tested for antimalarial activity. 
6. A series of phenothiazine derivatives which contain 
a IG-dialkylaalnoalkyl group has been prepared and tested for 
antimalarial activity. 
7. The results of the biological tests made (m the above 
two aeries of compotxnds and some additicmal miscellaneous 
derivatives are given. Although phenothiazine shows a low 
toxicity to higher animals and a high toxicity to lower 
animals, none of the derivatives of phenothiazine prepared 
in this investigation showed any definite suitimalarial 
activity. 
